US007910452B2

12 United States Patent (10) Patent No.: US 7,910,452 B2

Roh et al. 45) Date of Patent: Mar. 22, 2011

(54) METHOD FOR FABRICATING A (52) US.CL ... 438/397; 438/254; 257/F21.648
CYLINDER-TYPE CAPACITOR UTILIZING A (58) Field of Classification Search .................. 438/253,
CONNECTED RING STRUCTURE 438/254, 256, 381, 386, 396, 397; 257/E21.648

See application file for complete search history.

(75) Inventors: Jae-Sung Roh, Ichon-shi (KR); |
Kee-Jeung Lee, Ichon-shi (KR); (56) References Cited

Han-Sang Song, Ichon-shi (KR);
Seung-Jin Yeom, Ichon-shi (KR); U.S. PATENT DOCUMENTS

Deok-Sin Kil, Ichon-shi (KR): 7,053,435 B2* 52006 Yeoetal. ................. 257/309
. LTI, 7,153,740 B2* 12/2006 Kimetal. ..................... 438/253
Young-Dae Kim, Ichon-shi (KR); 7,723,202 B2* 52010 FO .ovvoooverreerrrerrrn 438/396
Jin-Hyock Kim, Ichon-shi (KR)
FOREIGN PATENT DOCUMENTS
(73) Assignee: Hynix Semiconductor Inc., Icheon-si KR 1020050045608 A 5/9005
(KR) KR 2005-0055077 6/2005
KR 1020060068199 A 6/2006
(*) Notice: Subject to any disclaimer, the term of this * cited by examiner
patent 1s extended or adjusted under 35
U.S.C. 154(b) by 836 days. Primary Examiner — Thanh V Pham
(74) Attorney, Agent, or Firm — Kilpatrick Townsend &
(21) Appl. No.: 11/772,034 Stockton LLP
(22) Filed: Jun. 29, 2007 (57) ABSTRACT
: r A method for fabricating a capacitor includes forming an
(65) Prior Publication Data 1solation layer over a substrate. The 1solation layer forms a
US 2008/0081431 Al Apr. 3, 2008 plurality of open regions. Storage nodes are formed on sur-
faces of the open regions. An upper portion of the 1solation
(30) Foreign Application Priority Data layer 1s etched to expose upper outer walls of the storage
nodes. A sacrificial layer 1s formed over the 1solation layer to
Oct. 2,2006 (KR) ..ooeeeiiiii, 10-2006-0097312 enclose the upper outer walls of the storage nodes. The iso-
lation layer and the sacrificial layer are then removed.
(51) Int.CL
HOIL 2120 (2006.01) 30 Claims, 45 Drawing Sheets
24 20¢ 200 - om0 28A
20E | T 20E i 28 _ : : Y 28E
.++ * ; .|.-+ ++ +++ ++ ﬁ ++* + . / :-.I-:-Ir i :+++ :+++:- a *4-* : A +: ++++ /|
i .:-+ - :::‘*:* EH :+ : Ig +:++ ++:+: + : + é EE I; :"' ¥ él
e /IS8 oot 1. . ottt 1 A1
* f ++*++ ’ + ﬁ ’ ++++ ++*+ + ++ * ’ ++ ’ * ’
* E * E 27 + 2 I /9 ";' I +
: + i+++ _f : +] *-r:-r | ¢:++ ! +*++ % ++ ++ I
* ++ ; / + ﬁ ++ >+ +*++ . A ; . "'+"’+ /
: :1- + E : + *+++ +++ + + -|-+ R E a . ++:*
St Ry At F T 20AN 0 2R/ T 707
Lt / LY g ﬁ + ++++ ¥ o ++*+ . ’ # . ++++
" ++++ ’ + +++ ‘ + + ++++ I}p‘]ﬂ'l 1'-|-+--|- *+:+ . ’ ++ ++*+
E’I’Jffj .rf,::rlﬁ_ﬁ: ¥ ir: o 3 . J > i fr.r:f.rf:}i [/ ffffffA 24
7 7 | # 24 - 7
l -3 -9 23 22
Z /J /’] d / |
‘ 2 T
1 — | — S

A-A B8




US 7,910,452 B2

Sheet 1 of 45

Mar. 22, 2011

U.S. Patent

1A

F1G.

TSRS I

NN

"”fa’.’”"’ff’f”””%

ﬂ’.’.‘ﬂ’a’.’.’.’"’;’ﬁ#‘r’.’"}

ENNNNNN

’.’”‘r".‘r’.’”‘.’”’fff.”

.’.’”‘.’”‘/

,-///////

?ffffffffﬂfffffﬂffﬂfff

F"’.’”’”””ﬁ?’

. ,-////

v
NN TNl NRRR TR I

OSSNSO

B-B

A-A




US 7,910,452 B2

Sheet 2 of 45

Mar. 22, 2011

U.S. Patent

1B

F1G.

o
g—

1o
12

_
IR

fffff.ﬁfﬂrf’ﬂfffffffff‘

N N N N N N N N N N N N N e N NN

NN\

"’"’f"’””.’”””’,’fﬁ

F”‘ﬂ’”’.’"’”””’ﬁ”’/

,-///////

?”""rf"”‘r’”””‘

f”.’a’f””’.”f””””’

,-7/

AT TN R R R R RS l

I

A-A



U.S. Patent Mar. 22, 2011 Sheet 3 of 45 US 7,910,452 B2

FIG. 1C
10000 S -
ool |
A - ]
= R —-i S
2000 S N

10.6 11.0 11.4 11.8 12.2 127 13.2 13.8 14.3
ASPECT RATIO OF STORAGE NODE



U.S. Patent Mar. 22, 2011 Sheet 4 of 45 US 7,910,452 B2

FIG. 10

o, \F L F 1) K. G U U
O N S R X
OO Gk 0 "0 000
O 00 G 0 O DO D00

ORI AN SO H S N SR ICR
2 G 0O O O O S G0 K Lo il O !
£ 0. 0.0 0 Q.0 O O O 00 O a0 0
220 OO O OGO O GO0 00
L QU Oty Oy O O OGO OF O
2.0 0 000 0 OO 0000000
YO 0O 000000000000
OO 0 O QOO GG G0 0 0 GG OO0
YOO DGO GO0 Q0000000
QOO0 OO0 DD
00000000 000000090
D000 G OO GO0 000 6:!
Y000 0000 03000000000
O 0000300000 00 O
LD OO0 OO GO O0000000 00
Poﬁaﬂgﬂoﬂ ‘}a{’é‘}#ﬁfﬁbﬂn%oo"oa (M 4)
R0 0O O -

T S g M

ik
X

G.

=X

: A NS I EXS)
O O OO0 00 O 0k
00000 OC 0O 0 O 000
000 OO OO O O O OO OG0,
O R O e MBI I LN M SN AN A K
O OO D 000 O i ey
Eﬁﬁ?q@bncoacﬁwmaﬁﬁﬂ

L0 O o0 On 00000, T DO oo
0 L 00 0 0 OG0 0708, 00010

—— =l -—




U.S. Patent Mar. 22, 2011 Sheet 5 of 45 US 7,910,452 B2

FIG. 2A

_______

26

| i I |
|
> b2 (01
I-<
| °! $2.(581)
§ _ &L %
4 }100
24

7 710 7
lé-g.é-é B -2

21

(-

A-A o




}100

-
LN

o
”
”
lﬂ’."u’"f#f".‘”’.’”‘.’”"r’”

| ,’///

"’.’”ﬁ”"!”ﬁﬁ’ﬁ”
""’”’#"’#’#”/

US 7,910,452 B2

>y,

IIIIIIIIII
A s

\f,
.4
I~
&
\&
'
L
L
- o0
N ﬂ?ﬂﬁfff.ﬂffffffffﬂrﬂﬂffffffﬂff
N\
: ”
D N
- — ”
m LI ,ffffffffffffffffffffffI,Jnr.fll
2‘?
N ///
-
m lﬂffffffffffffffffﬂfdﬂfﬂflﬂfﬁ

N\
N

f..rf,_.ﬂr.fffffffffff’fffffffﬁ/

| IV/

ﬂﬂfffffffffffffffdﬁﬂﬁfﬂf"
y

II

..

U.S. Patent

B-B

A-A



US 7,910,452 B2

Sheet 7 of 45

Mar. 22, 2011

U.S. Patent

F1G. 20

28A

}100

LD -t
o~ o~J

;’#‘F’f”’ff‘r’”"”‘r’”}

N
[~ \
S

'4’,'”f’.”.’””’.’”””’”..".JI_..

22

7
él

?#”#’,’”’.’”"r‘r’.’””/

NN

’,’,’,’”’!"’1’""’”””””‘

’.’"””””’f‘r’”””".”/

,/////

?’ﬁ”‘r‘”””’.’”’”’fi

”.’#‘r’”"“””””"ﬂ”..'r’/

S NN

fﬂﬂrffffffffffffff’fffffffl.

21

B-B

A-A



20A

US 7,910,452 B2
}101

287

- o N | —
Lag N Ly N | L
b NN N NN NSO NN N N NN S N N NN N SN N N S N I

”

"”."r’x’”f.’.’”‘.”’f._'.._'..'r.’."r
(o l

“
S n-_..u
= o
v o nO
— rl AN fffffffffffffffffffffffl
P
e
e
v s )
N flﬂ_uf.ffffff.ﬂfffffffﬂﬂffffffff
1 ]
= Li_
m FffffffdrffffffﬁrﬂﬂfffJ.fdimr/
-
N ,
. _..'r
-
S ?ffffffffﬂﬂfffffﬂﬁrﬂﬂﬁflﬁlw
= =
<Y

‘.”’!’”’ﬁﬁ’#"”’/

S NN

?ffffffffdﬂfdﬂfiﬂrfffff.ﬂffi l

U.S. Patent



20A
}101

US 7,910,452 B2
28A

et +hll_
+

.y ..r._...r.fffffffff.’ffffffff#ﬁrff/

+ 4+ + + + + + + + + + + + 1+ 0+
+ + + + + + + + + + 4+ + + + o+ /
- |.rl._.l.__ + 4+ + + + + + + + + +I,
+ + + + + + 4 + o+ + + + + +

LTRSS Tttt erééeU

ottt
Sy n—.

298

+
+
+

+

+ o+ 4+

_ + + + + "‘?"rﬁ"”"””ﬁ’ /
_l + + 14+ + <+ <+ + + + + + + ¥
|.._., I.t I._. + + + + + + + + + + ¥
+ + + + + + + + + + + +
+ + + + + + + + + + + ¥ o+ o+ o+

+
+ + F + + + o+ o+ o+ o+ 4+ o+t
+=

Sheet 9 of 45

+ . ¥ "”’.’”‘.’”‘.‘r’f“"._"f.."u'

+ + + +

FI1G. 2E

n.f."r”"””"”.’”‘r’”””‘l

¥ + + + + + + + + ¥ + + 4

+ r
¥ + + + + F + +r + + + F o+ +
_ + + |+ + + + + + + + + + + o+ o+
-+ F + oo+ o+ O+ 4+ 0 O+ + + o+ I’
+ + + F ¥ O+ + 4+ o+ o+ o+ o+ 4

++++++++++++++
+ . + ?ﬁffﬁfff’ffffffffﬁﬁfz

Sy + + + 1
+ + + +
+ + + +
oo+ o+ 4+
+ + +
+  +

b+ AN NS S S S N S N S S NN N NN SN N NN

+ + + + 13 & + + + F+ 4+ + + o+ F
+ + +.T._. + 4+ + + + + + + + + + l
—— +—t+— +— + + + + + + + o+ F+ o+
+ + 4+ + 4+ F + 4+ o+ + o+ o+ + F
+ + + 4+ + + + + + + + + + + F

LT ’,‘.ﬁﬁfﬁffﬁﬁfffﬁﬂfﬁi
+ + + +

+ o+ o+ 4+ +
+ o+ o+ o+

+ + + + +

Mar. 22, 2011

29

U.S. Patent

21

A-A




US 7,910,452 B2

Sheet 10 of 45

Mar. 22, 2011

U.S. Patent

FIG. 2F

28A

29

290

20
101

e —
AMIH L1 L L L L LR AR R RN I

o+ o+ o+ + o+ o+ + 4+ o+ o+ 3+
+ 4+ 0+ ¥+ 4+ O+ o+ F

+++++++++++++'
+++++++++++++I

’.””ﬁ”’"ﬁ”‘r’f
+ + + *+ + + +

+ + 4+ + + + + + 4+ o+ o+ + + I
+ + + + + + + F O+ + F o+
+ + + ¥ F+ + + + + + + ¥
+ + + + + + + +  + + + + ._.

+  +
”..'4’.‘#’.”.’.’”’.‘r“ﬂ”‘ﬂ’#‘."rf".l_.

29t

290

28A 29¢

e S A S S AN N AN SN NS MU N NN AN NN
+++++++++++++

+ +

+ +
+ +
+ + 4
+ +
+ + +

..-r.
++++++++I

+ + +

+ + + +
+++++++'

+ -

+

e

.

+ +
+

4
+
-+

A AU N N NS NN NN N N NN NN ’.‘.’.‘n’

+ ot
+ 4+
.-—l.
+ +
+ o+

e NN A N NN N S e S N S N

+ ¥ + + + F+ F + 4+ + + o+ o+
+ + + +F F + £+ o+ + + o+ o+ %
> o+ + + F o+ o+ 4+ o+ o+
+ + 4+ 4 o+ o+ F O+ 4+ o+ o+ o+ 4
+ + + + + + + + + + + + o+

?fffffffff’f.ﬁrffﬁffflﬂffl.

=2
L1l
-7
o~

B-8

A-A



US 7,910,452 B2
20F

28A

Sheet 11 of 45

] —
ATILTITI IS L L LILI AL L AL RS AR l

O+ O+ + o+ o+ + + o+ o+ o+ I
+ F 4+ 4+ + 4+ + + + F + F +
+ + + 4+ + + + + + + + + *
+ F F o+ 4+ + o+ o+ + o+ 4 +I

0..””"r”””””"””"._'..Jfr
_
(|
|
1
R
?’#””*’H’f”.ﬁ""ﬁ”’
T + & + + * + + + + *
+++++++++++++

+++++++++++++I
+ + + £ + + + + F + ¥ + o+

FIG. 26

Mar. 22, 2011

28A

U.S. Patent
20F

;‘?ﬁﬁ”"""ﬁ#"

+ 4+ + + + + + + o+ + +t + o+

F ¥ 4+ + F + + + + 4+ o+ ot

+ + + + + + + + + + + + +#
£ + + + + + + ¥ + + + + +

F O+ + 4+ 4+ o+ o+ o+ o+ + O+ O+ O+

+++++++++++++

21

B-B

A-A



ALLI1ILLL LI LA LA AL LA R R R R '

NN

"’.’".”’"”"””””’””_
F”"r‘r’””.’”’”””’

US 7,910,452 B2

\r,

.4
-~

&
- ///
'

= —t N
-M N ffffffffffffffffﬂffﬁffdﬂffd’
P,

S —

- L .?ffffffffffffffffffffffJ.J,J.Il
o
~
R ,
nﬁf

g ?ffffffffffffff’fff.’ffff&

o~

””."r””‘ﬂ’”’ﬁ"’1”.’”"

”V//

28A

U.S. Patent

B-B

A-A



U.S. Patent Mar. 22, 2011 Sheet 13 of 45 US 7,910,452 B2

FlIG. 3A

FIG. 3B




U.S. Patent Mar. 22, 2011 Sheet 14 of 45 US 7,910,452 B2

F1G. 3C
288

FIG. 3D




U.S. Patent Mar. 22, 2011 Sheet 15 of 45 US 7,910,452 B2

FI1G. 3E

290




US 7,910,452 B2

U.S. Patent Mar. 22, 2011 Sheet 16 of 45

F1G. 4A

N

-
oD

-1
v
i

NN -2

W7/

NN

w7222

AN

/B

SN
7

=
i




Sheet 17 of 45 US 7,910,452 B2

Mar. 22, 2011

U.S. Patent

FIG. 4B

36
200

'lﬂﬁ

31

r’l”."r‘r’"‘r’”’.”

5

?’!‘f;’!’!‘b

V270

"”"‘.’”"‘fi”’)

’f‘f’f‘?’f’f‘f’f’fﬁ '/////

Vo0

;!!!E‘_f;!’j

YA

!r!f!;!!f;!!r‘

V77

""’.’””””."/

RN

ANBANAANAANAA VAR |
4\ IS LIIIIL)

\

. \

PER |PHERAL REGION

CELL REGION

PERIPHERAL REGION



US 7,910,452 B2

Sheet 18 of 45

Mar. 22, 2011

U.S. Patent

FIG. 4C

JOA

200

‘r’.”"’”"r’.’”’

.7/

”’!!’f;’.’!!‘

\\\\\\\_l

;"""‘f”’.’"’f‘

e SN NN SO S SN SN SN SN

27

””.’!‘r’!’!ﬂ!’)

!”!”!””‘r’"

v

N N NS SN SN SN NN NS NN

\

!’!”""’f”””‘

—

RN

AN

AN

PER [PHERAL REGION

CELL REGION

PERIPHERAL REGION



US 7,910,452 B2

Sheet 19 of 45
388

FIG. 4D

Mar. 22, 2011

U.S. Patent

0]

g

o

-t L |
s oD

3OA

3]

PERIPHERAL REG!ON

- 77 7

| AN

oy NN NN NN NN NN NN NN N

770

e SN ?’f’f”f’f‘f‘?‘

i RN

NSNS NN NN NN NN NN NN NN N

v/

;s

38

DU NN NN NS N N NN NN .’!.L

72222

GELL REGION

PERIPHERAL REGION



US 7,910,452 B2

Sheet 20 of 45

Mar. 22, 2011

U.S. Patent

FIG. 4E

oA
}201

-z
P oo —
) Yo £ —
-
e i
\ =
L]
- =
0
\ \ .
Ll
\ o
e h..\_._\h\\ 2
L. ’f’f‘ﬁlﬂ'ﬂ!ﬁ‘?’#’
F o+ o+ 4+ 4+ b o b o A+ Ao+ 4 "/////J 3
++++++++++++++
oL Er’flf‘f’f’f’f‘ﬂlﬂ'.
+ + +
+ + +
+ + +
Y !‘f’f’fi”f‘f’f’f‘
e . T T T T S T ot U I S U
Xt v v v b T t o o o 4+ 4 .f
', f’f’f’f’fiﬁ‘?‘rf’f’r —_=
=" ‘. Ll
=SSN0 =
- P.f’..r’.ﬂl..r’..r‘f.lﬂlrf‘.ﬂ =
m +++++++++++++ I ////// ._nu.-.UL
_=t v+ 4+t 4+
Yoo T ’f’#’f’.".ﬂ'ﬂ'ﬂlﬂlﬁ.
¥ o+ o+ ¥
+ + + ._.
+ + 4+ +
+ + <+ + \
LT f.lrflr.f’f..lrf’dlﬂlﬂ.’f
+++++++++++++++ A
++++++++++++++ ..V////
LT 'f’f’f’f’ﬂ’ﬂ’!’f’!
+
B NS \ AL
+
=
._. \ -
3>
_+
. =
-+ ._.
+ —
+ + -
’ i
RN -
v, o
+ ]
e
i
s



US 7,910,452 B2

Sheet 21 of 45

Mar. 22, 2011

U.S. Patent

F1G. 4F

32

A B}
0 LD e
(| o) YD

LN A

‘r‘r”.’ﬂr’lﬂ"f"!‘#’

..—l

TR J

++++++++++++++
++++++++++++

+ +

+ 4+

.\\\.\\\\\__.

‘ “AMﬁRP“Ho“Us*cERBbN

+

+ ’.’!!‘r‘.”!"r’.’”‘

++++++++++++
++++++++++++ ./////
. f”f’f"?’!’!’f

+
4

+
+
N Pf‘f’f’f!!!r’f’f

Ce e T T T 1////

++++++++++++ N

+

+

’.’."f‘.’"”’.’”‘f

+ +
++++++++++++++

++++++++++++
+ +

+ ".”"’""””l"’

§\-

3

PERIPHERAL REGION

CELL REGION

PERIPHERAL REGION



US 7,910,452 B2

Sheet 22 of 45

Mar. 22, 2011

U.S. Patent

F1G. 46

WET DIP OUT

NET DIP OUT

. wct”
(- . ) O
- < oD
¥ O+ o+
LR A ANB AL ANAA AR AR AR S
+ + + + + + + + + + + + + F
¥ + + + + ¥+ + F+ + + + + + +
T iﬂ!!!!alnf;‘lﬂl.
++++
+ 4
+++
++
H N .f!!..lﬁlﬂlu.r!!ﬁ'?‘
+++++++++++++'
*t .nn f‘?’!ﬁ!‘.ﬂ!’!’l l
+e2 + + F+ F+ + + + + + + + -+
m._,++++++++++++,
. i!!’f;!!!!
+++
+ o+
+++
+ +
o, f’!’!’f’!’
+ + + + + + + 4+ + & 4+ o+ + o+
++++++++++++++I////
L R T TN TN S S S ST S
+ + + +

PERIPHERAL REGION

CELL REGION

PERIPHERAL REGION



US 7,910,452 B2

Sheet 23 of 45

Mar. 22, 2011

U.S. Patent

FIG. 4h

DRY ASHING

NN NS NN NS NN NS NN NN N -

RN

i’!’!”!’!‘

;!!!!!!!!‘

NN

”.”""r”"’”’fl’
.7//////

N NN NN NN NN N NN NN NN NN

NN NN N NS N NS NN NN .

IR

!!!"’f’f’f””b

PERIPHERAL REGION

CELL REGION

PERIPHERAL REGION



US 7,910,452 B2

U.S. Patent

Mar. 22, 2011 Sheet 24 of 45

FIG. DA '

- -

_—Ye

W7/

NN

l\\\\\\\_l

AR

.\\\\ \\\_

T




US 7,910,452 B2

Sheet 25 of 45

Mar. 22, 2011

U.S. Patent

F1G. 5B

300

—

LLd - N
s -3 I ~r

48

VAT AL TN

PERIPHERAL REGION

AN\ \nuan vy
N\

Mf’.f.lrf.’.f’f’ﬂlﬂlﬂ‘?‘b % <
N

TS
N

7

’!”!’!’!’b

V22720

!!.‘.’.’f”’!”’A

=i YA

NEAARANANAYRANRA AR

”’.’”""”""/

NN

CELL REGION

' Ll L

PERIPHERAL REGION



US 7,910,452 B2

Sheet 26 of 45

Mar. 22, 2011

U.S. Patent

FIG. oG

43A

300

\

.//

’!”!!!!”!‘

W _l

!’"”””"”"”‘

NN

T e O

2000

””’!"””!”J

RN

!!;!;!!!L

7 \\\\\_l

PERIPHERAL REGION

""""””’.’”’."

CELL REGION

PERIPHERAL REG!ON



Sheet 27 of 45 US 7,910,452 B2

Mar. 22, 2011

U.S. Patent

301

——

-
Ty e
-t

=

,\\

-
oo
~F

FI1G. 9D

B AN N NN NN NS ONN NN NN N

l
NN

mr//. -2

NN NS NN N NN R N VN Y

7722

NN NS NN NS NS NN NN NS ’,‘

RN

L ]

NN AN NN NN NN NN NN NS AN

NS NN NS NN NN NS NN NN N

NN

2

7y

NN

PERIPHERAL REGION

CELL REGION

PERIPHERAL REGION



US 7,910,452 B2

Sheet 28 of 45

Mar. 22, 2011

U.S. Patent

F1G. SE

+
+ +
+ 4 4k
Lot iﬁ.’f‘f‘f‘rf’f’f‘f’
+ 4+ +
+ + ¢
ror o \\ \\\\ —
LT l?’f’f’f'f’f‘f‘f‘f‘
++++++++++++++
+++++++++++++++ '//////
e . f‘rf’f’f‘f’.ﬂ'ﬁ‘ﬂlﬂ'f
+
+
+ Pﬁ \
+
+
+

”!"’!’!’g

LT, NEAANRANAA AT AT
+ o+ +
+ + 4+
+ + 3+
PRI \\\\\ \ —
LT f!!r!‘f!!!’f
+ +
+
3

e
-
L
e
Lil
"
el
-
[ o'
Ll
—t—
[
o
L)
' an
—
o
el
LLd
i
—
—
Ll
i
e
'
e
Lt
(&
o
-
o
|
- —
..
o
Ll
= N



US 7,910,452 B2

Sheet 29 of 45

Mar. 22, 2011

U.S. Patent

FIG. SF

A —
-y
~I

+ I”Jﬂ",”f”””"’

rf‘r;””’.’;;i‘.‘r’l

\\\

".’.’!’.”!!r""‘

+
+

++++++++++++++
++++++++++++++ '

+ f’f!!’f!!’fifg
+ nﬁ _,,
+

i‘r‘.’!’.’!’l”

+

++++++++++++++

+ +++++++++++++ ,
+

+.

."’!’!’!".‘ﬂ’

!"!’!’F’!’

+ Y

PERIPHERAL REGION

CELL REGION

PERIPHERAL REGION



US 7,910,452 B2
NET DIP OUT

PERIPHERAL REGION

/+++j -

Lt .'f‘ﬂlr.f’f‘.f’f’f;‘r/

+ + + + + + + + + o+ + o+ + 4
++++++++++++++,

LN iﬂ‘f’f!ﬁlnf!!!‘

+ + 4
+ + 4+
+ o+ 4
+ + +
LN NN SN SN NS NN NS NN NS

++++++++++++++
++++++++++++++'r

ot A AR A A

S o
+P_H S

MR A\ NAN MR LR R VA N
++++++++++++++I////
+ + + F+ + + + + + + o+ o+ o+ o+
LT r’f‘f‘f’f’fl”f’f’f
+ + 4+

+ + 4+

+ + +

+ + +

ot f‘f.’f'f'f’flﬁ'f‘f

+ + + + + o+ + o+ o+ F 4+ 4 3
++++++++++++++I
+  +

+ 4 ;‘rf"""””!ﬂ!
+ + %

Sheet 30 of 45

F1G. 56

Mar. 22, 2011

WET DIP OUT

U.S. Patent

CELL REGION

PER | PHERAL REGION



US 7,910,452 B2

Sheet 31 of 45

Mar. 22, 2011

U.S. Patent

FI1G. 5H

DRY ASHING

44
42

l

”‘rf‘r"”’.’”’"’

VRN

i’!!!!!’f!‘

;"l""""’"""

"’4".’!’.’”‘#‘.”1’ //
e NN N N NN N S N N N NN NN NS .

!‘f’!’!”!‘

PERPHERAL REGION

CELL REGION

PER[PHERAL REGION



US 7,910,452 B2

U.S. Patent

Mar. 22, 2011 Sheet 32 of 45

F1G. 6A

\
-\\_

I\\\\\\_.

NN

W77 \\\\\\ _l

NN

l\\\\\ %R

NRNNNN
-\\\\\\ l

NN 3




US 7,910,452 B2

Sheet 33 of 45

Mar. 22, 2011

U.S. Patent

F1G. 6B

400

08

I’Iﬁ

\
\\\

f””."””"’l‘r”

'f!!!;!!!!!

v/

""’f”"‘f"”’f)

;!””!”";!.'

.\\\\\ 7z

!!!!!;!!J

, ./////

fl’!’!!!!"l

g!‘.’"‘.’"‘r’”‘r’.‘w

L &

-
TN _
I RRNNN



US 7,910,452 B2

Sheet 34 of 45

Mar. 22, 2011

U.S. Patent

FIG. 6C

o8A

00

N\ i

N N . N N N ML N NN

SN N S NN NS NS NN NN NN Y

v

;’.’;’,’l"z‘r"""

S N\

iﬂ’f‘?‘%’flﬂ’f’f’ﬁ Z
N

AN

L

PERIPHERAL REGION

i o —
Py Lo LY
i

- 3

w ) -

CELL REGION

PERIPHERAL REGION



US 7,910,452 B2

Sheet 35 of 45

Mar. 22, 2011

U.S. Patent

FI1G. 6D

o]

PERIPHERAL REGION

r o+

+ ¥

+ 4

N if’f!!!!!’f‘
+ + +

e 77

R \

T T lf!r!f’!!rgg"

- +

12 ¢+ r o F ottt o+ 4 //////
DL L, \

=’ f’f'ﬁ!’flﬂ!’f‘f‘i

|—
e 4

; U

! W . F’f’f’f‘f‘rf‘rf‘f;

1) + + +F o+ + 4+ o+ o+ o+ o+ o+ o+ I
M +++++++++++++ ,
+

!!!!!!!!L

w777/

s RS S SS S SSSSSSTS

J
+++++++++++++++

o+ o+ + F + + + 4+ o+ o+ o+ 3+ N '

¥ o+ 4

l’!’!’”"’;

+ o+
\\\\
+ + 4+
+ 4
+ + +
+ +
+ r 3+
+ o+
+ + o+
+ o+
+ + 4
+ o+
+ + 4
+  +
+ o+ o+

CELL REGION

PERIPHERAL REGION



US 7,910,452 B2

Sheet 36 of 45

Mar. 22, 2011

U.S. Patent

F1G. 6k

60

o D A

M NARNARNR LS TRANER R ALNA RN N
+++++++++

+ F rf;!!!‘f;‘wf;'

R \\\\\_

"‘.".’!‘r”"”’#‘."

\

727

—_
e T T T T T U R VS G

= '
+

N f’f‘f’fiﬂ’f‘fiﬂ'f‘f
+
N
"

"""""””"‘r‘r
A + + o+ O+ o+ o+

+ + o+ ’#!”!r!!"ﬂ'ﬂ’”
+ +
+ 4
+ +
+ +
+
+ +

.’!’!’!’!’

+++++++++
++++++++++++++

+++++

5 NN

!r‘.’!r!!‘r’”;!

e VT

L

PERIPHERAL REGION

CELL REGION

PER|PHERAL REGION |



US 7,910,452 B2

Sheet 37 of 45

Mar. 22, 2011

U.S. Patent

FIG. 6F

WET DIP OUT

WET DIP QUT

60

99A
o8A

ot ’f’f’f’f‘f.’f’f‘rﬂ' -

+ O+ o+ F 4+ o+ 4+ o+ b F 4+ ¥
++++++++++++

"r"””’!ﬂ""’l

Y, 'f'f‘f‘f’f’f’f’f’f‘

..Plb++++++++++++l///
+ + + + ¥ + 4+ o+ ¥ o+ o+ o+
? m . f’ﬂ'ﬂ‘f’f’f‘f”’
S+
m+
D..h + "””l”."""”’
1D + o+ o+ 4+ o+ o+ 4+
M+++++++++++++,
+ ?g””’.f”’.’”’
+ +
R AN AL R AN l
++++++++++++++I?///

+ + + F ¢ + + + + o+
”’!’!"!’

+ %

++++++

-I- + + +

+ +

+
++++

+ o+

+ <+

+
+ +

PERIPHERAL REGION

CELL REGION

PERIPHERAL REG1ON



US 7,910,452 B2

Sheet 38 of 45

Mar. 22, 2011

U.S. Patent

FIG. 6G

DRY ASHING

o4
Y.

58A

iﬂr“r‘h’.‘."a”""f’

i‘r’.".’”"”’f.”‘ l
i"#”’.’"”"‘rf //

NEARANRRERECS VYL ANV

’!’!’!’!!J

TN

;",”l"r”"’!’.’k

0]

PERIPHERAL REGION

CELL REGION

PERIPHERAL REGION



US 7,910,452 B2

U.S. Patent

Mar. 22, 2011 Sheet 39 of 45

F1G. /A

\ - )

NN g

W7/

NN

W7/

NN

.\\\\\\\_l

AN
“\\\ \\\.




US 7,910,452 B2

Sheet 40 of 45

Mar. 22, 2011

U.S. Patent

FIG. 7B

68

600

~

LD Y
oD

70

i

i

N
rf‘f’f’f‘f‘f‘rf’#’fA

'ﬂ"!””‘.’!’!’

V.4

"””.‘r”.”"ﬂf’.’" N\

,,...,,,..,,,..,iiii,.b?////é

NN

RN LV N U N NN

.

S ’.’f”"”"""’/

NN
I\ DR

iy

PERIPHERAL REGION

-2

CELL REGION

PERIPHERAL REGION



US 7,910,452 B2

Sheet 41 of 45

Mar. 22, 2011

U.S. Patent

F1G. 7C

500

\ -

.V////

’!"”’!’"”!

Q\\\\ \_.

’!‘f’!’a’”"!‘

PRI

AN NN SN SO SO ST SN NS\

v 7/ R

”’.’"’!"””"‘

AN

!!!!!!!’!

(220 \_.

NN NN NN NN NN NS NN SN NN

l’!!!!””!,'

\\\L-

PERIPHERAL REGION

CELL REGION

PERIPHERAL REGION



US 7,910,452 B2

Sheet 42 of 45

Mar. 22, 2011

U.S. Patent

F1G. /D

7
mm\&

"’f”"!”f’.’"’

Q\\\\\\\\\\_

’!!‘p’"”’!;‘

++++++++++++++ .7//////

+++++++++++++++

i’!”’!’!’

++++++++++++++

e e, NEAANAAR AR AN AN
+ 4

S + \\\\ \\\ —
+ +

+ 4+ o+
+ o+

P N NN N L N N T S N N

+ +
++++++++++++++
+++++++++++++++ I'

I NN NN NN LN N LN N

PERIPHERAL REG1ON

CELL REGION

PERIPHERAL REGION



US 7,910,452 B2

Sheet 43 of 45

Mar. 22, 2011

U.S. Patent

FIG. JE

- A

b RN N NN RN NN SN NN NN NN
+ o+

b2

s =

61

PERIPHERAL REGION

+ + ¥ F’!"!’!’!‘f’"
+ +

+ o+
+ +

+ o+
+ +

+ +

+ o+
++++++++++++
++++++++++++ .///////
T f‘f’f’f’f’f‘f’f’f’i
+ +
..T
+
i rf’f’f’#’f’f’#‘f’f

+
++++++++++++
++++++++++++ ,
+ o+

+ -

+ +

+ +

I’.!‘.’!’f”””i“

+ l’l’!!‘.’!!r!!
+ +

+ +
+ +
o f!r!‘.ﬂl_ﬂlnr!”

+ +

+ o+
++++++++++++
++++++++++++ I '
!

+ 4+

e N NS NN N NN NN SN AN

e

CELL REG!ION

PERIPHERAL REGION



WET DIP OUT

US 7,910,452 B2

’.’.’.’g!’.’””!‘ -

++++++++++++++
+++++++++++++

+
+ i"’!’.’!”l‘r’”

N NN NN SN NN NSNS NN

+ ++++++++++++++++++++++'//////A

’.”.’."’.‘.’r””’!’,’
H _

RN AR AR N LN

++++++++++ 1////
++++++++++++,
?!’f'f’f!r!‘f’f

1—.__

+

- f’!‘f’f‘?’f‘.ﬂ‘f

+ + 4+ F 4+ o+ F R 4+ 4+ o+ b
++++++++++++++I//////
+

+

AN !!!!!!!!‘ﬂ'

; i

+
+

++++++++++++++

Sheet 44 of 45

P + + +
+ 4 + +
+ + + +

FIG. 7F

+ +

++++

Mar. 22, 2011

WET DIP OUT

U.S. Patent

q

PERIPHERAL REGION

CELL REGION

PERIPHERAL REGION



US 7,910,452 B2

Sheet 45 of 45

Mar. 22, 2011

U.S. Patent

FIG. 76

DRY ASHING

e N N N NN NN SN NN SN NN N -

.////

F!’;;!!!”!’

;!!"’””;”!‘

f‘r’””"’”””"
!’””’1""1"."""

PERIPHERAL REGION

CELL REGION

PERIPHERAL REGION



US 7,910,452 B2

1

METHOD FOR FABRICATING A
CYLINDER-TYPE CAPACITOR UTILIZING A
CONNECTED RING STRUCTURE

CROSS-REFERENCE TO RELATED 5
APPLICATIONS

The present invention claims priority of Korean patent
application number 10-2006-0097312, filed on Oct. 2, 2006,
which 1s incorporated by reference 1n 1ts entirety. 10

BACKGROUND OF THE INVENTION

The present invention relates to a method for fabricating a
semiconductor device, and more particularly, to a method for 15
fabricating a cylinder type capacitor.

A memory cell size has continuously decreased as the
design rule of dynamic random access memories (DRAM)
also decreases. Accordingly, the height of a capacitor has
continuously increased and the thickness has become smaller 20
in order to maintain a desired charge capacitance. The height
has increased and the thickness has decreased because the
charge capacitance 1s proportionate to the surface area of an
clectrode and the dielectric constant of a dielectric layer, and
1s mversely proportionate to the distance between the elec- 25
trodes, 1.e., the thickness of the dielectric layer.

FIGS. 1A and 1B 1llustrate cross-sectional views of a con-
ventional method for fabricating a capacitor. A line A-A
represents a cross-sectional view of a substrate structure hav-
ing a zigzag arrangement with a small spacing distance. A line 30
B-B' represents a cross-sectional view of the substrate struc-
ture having a zigzag arrangement with a large spacing dis-
tance.

Referring to FIG. 1A, an insulation layer 12 1s formed over
a semi-finished substrate 11. Stack structures, including stor- 35
age node contact plugs 13 and barrier metals 14, are formed 1n
the 1nsulation layer 12. An etch stop layer and a sacrificial
layer are formed over the insulation layer 12 including the
stack structures. The sacrificial layer and the etch stop layer
are etched to form a patterned sacrificial layer 16 and a pat- 40
terned etch stop layer 15 thereby defiming open regions. Cyl-
inder type storage nodes 17 are then formed on the surface of
the open regions. The open regions have a certain aspectratio.
The aspect ratio 1s a ratio of a bottom critical dimension ‘W’
to a height ‘H’ of the open regions. 45

Referring to FIG. 1B, a wet dip out process 1s performed to
remove the patterned sacrificial layer 16. Thus, inner walls
and outer walls of the cylinder type storage nodes 17 are
exposed. However, as the design rule continuously decreases,

a distance between cylinder type storage nodes has also 50
decreased in the cylinder type capacitor formation process.
Thus, generation of bridges between neighboring storage
nodes 1s increased despite the optimization of the wet dip out
pProcess.

FIG. 1C 1illustrates a graph showing the probability of 55
bridge generation according to different aspect ratios of stor-
age nodes. For instance, when a ratio between the bottom
critical dimension ‘W’ to the height ‘H’ of the storage nodes
in FIG. 1A 1s larger than 12, the storage nodes may lean and
cause neighboring storage nodes to stick together, thereby 60
generating bridges.

FIG. 1D 1llustrates a micrographic view of storage nodes
without bridge generation. FIG. 1E 1llustrates a micrographic
view ol storage nodes with bridge generation. In FIG. 1D, an
aspect ratio 1s 12, and the storage nodes are arranged with a 65
uniform spacing distance. In FIG. 1E, an aspect ratio 1s 17,
and the storage nodes lean and stick together.

2

The value of the aspect ratio causing the leaning may be
variable according to the property or thickness of the elec-

trode and according to dry conditions of the sacrificial layer
alter performing a wet etching for forming the cylinders. The
undesirable results shown 1n FIG. 1E generally occur when
the aspect ratio 1s larger than 14 for a titanium nitride (TiN)
clectrode.

The leaning may be caused by the surface tension of water
existing between the storage nodes during a dry process
which 1s performed after the wet dip output process. As the
DRAM becomes smaller, the height of the capacitor may
need to be increased accordingly to maintain the surface area
ol the capacitor. However, the height of the capacitor gener-
ally needs to be decreased 1n order to keep the aspect ratio
below a certain level and reduce the bottom critical dimension
increase. Thus, 1t may be difficult to maintain a sufficient
surface area. Accordingly, an effective thickness of the dielec-
tric layer may need to be reduced in order to maintain a
satisfactory capacitance because of an insuificient capacitor
surface area.

SUMMARY OF THE INVENTION

Embodiments of the present mvention are directed to a
method for fabricating a capacitor in a semiconductor device,
which can reduce leaning of storage nodes during a dry pro-
cess after a wet dip out process 1s performed.

In accordance with an aspect of the present mnvention, a
method for fabricating a capacitor 1s provided. An 1solation
layer 1s formed over a substrate. The 1solation layer defines a
plurality of open regions. Storage nodes are formed on sur-
faces of the open regions. An upper portion of the 1solation
layer 1s etched to expose upper outer walls of the storage
nodes. A sacrificial layer 1s formed over the 1solation layer to
enclose the upper outer walls of the storage nodes. The 1s0-
lation layer and the sacrificial layer are then removed.

In accordance with another aspect of the present invention,
a method for fabricating a capacitor 1s provided. An 1solation
layer 1s formed over a cell region and a peripheral region of a
substrate. The 1solation layer defines a plurality of open
regions 1n the cell region. Storage nodes are formed on sur-
faces of the open regions. An upper portion of the 1solation
layer 1s etched to expose upper outer walls of the storage
nodes. A sacrificial pattern 1s formed on the 1solation layer to
cover the cell region. The isolation layer 1s etched in the
peripheral region to expose side portions of the resultant
structure obtained after forming the sacrificial pattern 1n the
cell region. The 1solation layer 1in the cell region and the
sacrificial pattern are then removed.

In accordance with still another aspect of the present inven-
tion, a method for fabricating a capacitor 1s provided. An
1solation layer 1s formed over a cell region and a peripheral
region of a substrate. The 1solation layer defines a plurality of
open regions 1n the cell region. The substrate comprises the
cell region and the peripheral region. Storage nodes are
formed on surfaces of the open regions. A sacrificial pattern 1s
formed on the 1solation layer to cover the cell region. The
1solation layer 1s etched 1in the peripheral region to expose side
portions of the resultant structure obtained after forming the
sacrificial pattern in the cell region. The 1solation layer 1n the
cell region and the sacrificial pattern are removed.

In accordance with still another aspect of the present inven-
tion, a method for fabricating a capacitor 1s provided. An
1solation layer 1s formed over a cell region and a peripheral
region ol a substrate. The 1solation layer defines a plurality of
open regions 1n the cell region. Storage nodes are formed on
surfaces of the open regions. An upper portion of the 1solation
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layer 1s etched to expose upper outer walls of the storage
nodes. A sacrificial pattern 1s formed over the 1solation layer.
The sacrificial pattern encloses the upper outer walls of the
storage nodes. The 1solation layer in the peripheral region 1s
ctched to expose side portions of the resultant structure
obtained after forming the sacrificial pattern. The 1solation
layer in the cell region and the sacrificial pattern are removed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B illustrate cross-sectional views of a con-
ventional method for fabricating a capacitor.

FIG. 1C 1llustrates a graph showing probabilities of bridge
generation according to aspect ratios of conventional storage
nodes.

FIG. 1D 1llustrates a micrographic view of storage nodes
without bridge generation.

FIG. 1E 1llustrates a micrographic view of storage nodes
with bridge generation.

FIGS. 2A to 2H illustrate cross-sectional views of a
method for fabricating a cylinder type capacitor according to
a first embodiment of the present invention.

FIG. 3A illustrates a plan view of a photoresist pattern
according to the first embodiment of the present invention.

FI1G. 3B 1llustrates a plan view of open regions according to
the first embodiment of the present invention.

FI1G. 3C illustrates a perspective view showing a result after
a partial etching 1s performed on a mould layer according to
the first embodiment of the present invention.

FI1G. 3D 1llustrates a plan view showing a result after per-
forming a dry etch-back process on a sacrificial layer accord-
ing to the first embodiment of the present invention.

FI1G. 3E1llustrates a perspective view showing a result after
performing a wet dip out process for oxide according to the
first embodiment of the present invention.

FIGS. 4A to 4H illustrate cross-sectional views of a
method for fabricating a cylinder type capacitor according to

a second embodiment of the present invention.

FIGS. SA to 5H illustrate cross-sectional views of a
method for fabricating a cylinder type capacitor according to
a third embodiment of the present invention.

FIGS. 6A to 6G 1illustrate cross-sectional views of a
method for fabricating a cylinder type capacitor according to
a Tourth embodiment of the present invention.

FIGS. 7A to 7G illustrate cross-sectional views of a
method for fabricating a cylinder type capacitor according to
a fifth embodiment of the present invention.

DESCRIPTION OF SPECIFIC EMBODIMENTS

The present invention relates to a method for fabricating a
capacitor. In accordance with some embodiments of the
present invention, the likelihood of leaning of storage nodes
generated during a wet dip out process and a dry process,
which are essential in forming cylinder type storage nodes,
may be reduced by forming sidewalls on upper outer walls of
the storage nodes. Furthermore, using an amorphous carbon
layer may allow fabrication of the capacitor without deterio-
rating a production yield because the amorphous carbon layer
may be easily removed through a dry ashing process after the
cylinder type storage nodes are formed.

FIGS. 2A to 2H illustrate cross-sectional views of a
method for fabricating a cylinder type capacitor according to
a first embodiment of the present invention. A line A-A'
represents a cross-sectional view of a substrate structure hav-
ing a zigzag arrangement with a small spacing distance. A line
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4

B-B' represents a cross-sectional view of the substrate struc-
ture having a zigzag arrangement with a large spacing dis-
tance.

Referring to FIG. 2A, an insulation layer 22 1s formed over
a semi-fimshed substrate 21. Storage node contact holes are
formed 1n the 1nsulation layer 22, and storage node contact
plugs 23 are formed 1n the storage node contact holes.
Although not illustrated, processes for forming transistors,
word lines, and bit lines are generally performed before form-
ing the insulation layer 22. The isulation layer 22 may
include an undoped silicate glass (USG) layer and may be
formed to have a thickness ranging {from approximately 1,000
A to approximately 3,000 A. A patterned etch stop layer 24 is
formed over the insulation layer 22. A patterned mould layer
235 1s formed over the patterned etch stop layer 24.

The 1nsulation layer 22 1s etched using a storage node
contact mask to form the storage node contact holes. A poly-
silicon layer fills the storage node contact holes and an etch-
back process 1s performed to form the storage node contact
plugs 23. Although not illustrated, barrier metals may be
tformed over the storage node contact plugs 23. The barrier
metals may imnclude titantum (T1) or titanium mitride (T1N). An
etch stop layer 1s formed over the insulation layer 22 and the
storage node contact plugs 23. The etch stop layer may
include a nitride-based material. For instance, the etch stop
layer may include a silicon mitride (S1,N,) layer.

A mould layer 1s formed over the etch stop layer. The
mould layer may include an insulation layer. For instance, an
oxide-based layer such as a phosphosilicate glass (PSG) layer
or aplasma enhanced tetracthyl orthosilicate (PETEOS) layer
may be formed to a certain thickness suificient to maintain a
necessary surface area for a desired dielectric capacitance.
The mould layer may be formed 1n a double-layer structure
including oxide-based layers. The double-layer structure may
be formed such that an upper oxide-based layer has a smaller
etch rate 1n a wet etch solution for oxide than a bottom
oxide-based layer. For example, PSG may be formed and
PETEOS may then be formed over the PSG 1n the double-
layer structure.

A photoresist layer 1s formed over the mould layer. A
photo-exposure and developing process 1s performed on the
photoresist layer to form a photoresist pattern 26. It 1s impor-
tant for the photoresist pattern 26 to arrange openings in a
zigzag pattern. The openings are arranged 1n the photoresist
pattern 26 where subsequent storage nodes are to be formed.
The mould layer 1s etched using the photoresist pattern 26 as
an etch barrier to form the patterned mould layer 25 and to
form a plurality of open regions 27. The etch stop layer
exposed by the open regions 27 are etched to form the pat-
terned etch stop layer 24 and to expose upper surfaces of the
storage node contact plugs 23.

The open regions 27 are formed to have a trench shape. The
open regions 27 are also referred to as storage node holes
because the subsequent storage nodes are formed on the sur-
face of the open regions 27. The open regions 27 are arranged
In a zigzag pattern, mirroring the zigzag arrangement of the
photoresist pattern 26. A stack structure, including the pat-
terned etch stop layer 24 and the patterned mould layer 25
providing the open regions 27, 1s referred to as an 1solation
layer 100. The photoresist pattern 26 1s then removed.

Referring to FIG. 2B, a conductive layer 28 for forming the
storage nodes 1s formed over the 1solation layer 100 and the
open regions 27. The conductive layer 28 includes a metal
clectrode such as TiN or ruthenium (Ru). The conductive
layer 28 may also include other materials besides TiN and Ru.
The conductive layer 28 may be formed to have a thickness
ranging from approximately 200 A to approximately 400 A
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using a chemical vapor deposition (CVD) method or an
atomic layer deposition (ALD) method.

When forming the conductive layer 28 including TiN using,
the CVD method, a CVD TiN deposition method 1s per-
formed using titanium tetrachloride (TiCl,) as a source and
using ammonia (NH,) as a reaction gas at a temperature
ranging from approximately 400° C. to approximately 700°
C. When forming the conductive layer 28 including Ru, the
ALD method or the CVD method 1s performed using
Ru(EtCp), as a source and using oxygen (O, ) gas as a reaction
gas at a temperature ranging from approximately 200° C. to
approximately 400° C. The conductive layer 28 for forming

the storage nodes may include platinum (Pt) formed by the
ALD method or inndium (Ir) formed by the ALD method.

Referring to FIG. 2C, a storage node 1solation process 1s
performed. The storage node 1solation process includes per-
forming a dry etch-back process on the conductive layer 28.
The storage node 1solation process may include performing a
CMP process or a dry etch-back process using a photoresist
layer barrier or an oxide-based layer barrier when the con-
ductive layer 28 includes TiN. Using the photoresist layer
barrier or the oxide-based layer barrier may reduce contami-
nationinthe openregions 27 during the storage node 1solation
process.

The storage node 1solation process 1s performed until top
surfaces of the patterned mould layer 25 are exposed. Thus,
cylinder type storage nodes 28 A are formed on the surface of
the open regions 27, 1solated from each other. In other words,
the CMP process or the dry etch-back process 1s performed to
remove portions of the conductive layer 28 formed outside the
open regions 27, thereby forming the cylinder type storage
nodes 28A over bottom surfaces and sidewalls of the open
regions 27.

Referring to FIG. 2D, the patterned mould layer 25 1s
partially etched to form a remaining mould layer 25A. Thus,
upper outer walls 28B of the storage nodes 28 A are exposed.
A remaining isolation layer 101 includes the remaiming
mould layer 25A and the patterned etch stop layer 24.

The patterned mould layer 25 1s selectively etched using an
ox1ide etchant because the patterned mould layer 25 includes
an oxide-based material. For instance, a wet etch may be used.
The wet etch may 1nclude performing a wet dip out process.
The wet etch of the patterned mould layer 25 may include
ctching the patterned mould layer 23 to a thickness ranglng
from approximately 200 nm to approximately 1,000 nm using
a buflered oxide etchant (BOE) or a hydrogen fluoride (HF)
solution. For instance, approximately 700 nm to approxi-
mately 800 nm of the patterned mould layer 25 may be
etched.

Referring to FI1G. 2E, a sacrificial layer 29 1s formed over
the storage nodes 28 A and the remaining 1solation layer 101.
The sacrificial layer 29 may include a material which may not
be etched or which has a substantially slow etch rate 1n a wet
etch solution for oxide during a subsequent wet dip out pro-
cess of the remaining mould layer 25A. For instance, the
sacrificial layer 29 may include an amorphous carbon laver.

The amorphous carbon layer may be formed using a
plasma-based deposition method, such as a plasma enhanced
chemical vapor deposition (PECVD) method or a plasma
enhanced atomic layer deposition (PEALD) method. The
amorphous carbon layer 1s not easily etched by wet etch
solutions for oxide, such as a BOE or a HF solution. The
amorphous carbon layer 1s easily removed by a dry ashing
process 1n an oxidation ambience including O, or ozone (O;).
The amorphous carbon layer used as the sacrificial layer 29 1s
formed at a temperature ranging from approximately 200° C.
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6

to approximately 500° C. It 1s also important to control a
thickness of the amorphous carbon layer.

The thickness of the sacrificial layer 29 1s controlled such
that the sacrificial layer 29 fills a space between neighboring
storage nodes 28A 1n the A-A' line direction. The spacing
distance between the storage nodes 28A 1s smaller than of the
spacing distance in the B-B' line direction (refer to reference
denotation 29A). The sacrificial layer 29 1s formed such that
the sacrificial layer 29 partially fills a space between neigh-
boring storage nodes 28A in the B-B' line direction. The
spacing distance between the storage nodes 28A 1n the B-B'
line direction 1s larger than of the spacing distance between
storage nodes 28A 1n the A-A' line direction (refer to refer-
ence denotation 29B). In other words, the sacrificial layer 29
1s formed to have a substantially uniform thickness over upper
surfaces of the substrate structure including the storage nodes
28A 1n the B-B' line direction. The sacrificial layer 29 1s
formed to have different thicknesses over different parts of
the substrate structure because the storage nodes 28A are
formed 1n a zigzag pattern. In other words, the different
thicknesses of the sacrificial layer 29 results because the
spacing distance between neighboring storage nodes 28A 1s
small 1n the A-A' line direction, and the spacing distance
between neighboring storage nodes 28A 1s large in the B-B'
line direction. It 1s possible to control the thickness of the
sacrificial layer 29 because the sacrificial layer 29 1s formed
using a plasma-based deposition method. Controlling the
thickness of the sacrificial layer 29 refers to controlling a step
coverage characteristic.

Referring to FI1G. 2F, a dry etch-back process 1s performed
on the sacrificial layer 29 to form first remaining sacrificial
layers 29C, second remaining sacrificial layers 29D, and third
remaining sacrificial layers 29E. The dry etch-back process
includes performing a plasma etching using oxygen or ozone
when the sacrificial layer 29 includes amorphous carbon.

The first remaining sacrificial layers 29C remain over the

storage nodes 28A 1n both directions of the A-A' line and the
B-B' line after the dry etch-back process of the sacrificial
layer 29 1s performed. The second remaining sacrificial layers
29D remain between neighboring storage nodes 28 A 1n the
A-A' line direction, covering a portion of the remaining
mould layer 25A between neighboring storage nodes 28A.
The third remaining sacrificial layers 29E remain between
neighboring storage nodes 28 A 1n the B-B' line direction such
that the third remaining sacrificial layers 29E do not fill a
space between neighboring storage nodes 28A. Since the
thickness of portions of the sacrificial layer 29 1n the B-B' line
direction 1s relatively smaller than the thickness of portions of
the sacrificial layer 29 1 the A-A' line direction, portions of
the remaining mould layer 25A between the storage nodes
28A 1n the B-B' line direction are exposed aifter the dry etch-
back process 1s performed Thus, the third remaining sacrifi-
cial layers 29E remain on the upper outer walls of the storage
nodes 28A.
The dry etch-back process may be performed on the sac-
rificial layer 29 until top comers of the storage nodes 28A are
exposed 1n both directions of the lines A-A' and B-B'. After
performing the dry etch-back process on the sacrificial layer
29, the remaining mould layer 25 A may not be exposed in the
A-A' line direction because of the second remaining sacrifi-
cial layers 29D. The remaining mould layer 25 A 1s exposed 1n
the B-B' line direction by the third remaining sacrificial layers
29E.

Thus, the upper outer walls of the storage nodes 28A are
enclosed by the third remaining sacrificial layers 29E in the
B-B' line direction after the dry etch-back process. The upper
outer walls of the storage nodes 28 A in the A-A' line direction
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are supported by the second remaining sacrificial layer 29D
formed between the storage nodes 28 A. The third remaining
sacrificial layers 29E remaining 1n a spacer formed 1in the B-B'
line direction are formed as ring type sidewalls enclosing the
upper outer walls of the storage nodes 28A. The third remain-
ing sacrificial layers 29E also remain on an upper outer wall
of each storage node 28A 1n the A-A' line direction.

Referring to FIG. 2G, a wet etch process for oxide and adry
process are performed. For instance, the wet etch process may
include performing a wet dip out process. During the wet dip
out process, the remaining mould layer 25 A including oxide
1s removed 1n both directions of the A-A' line and the B-B'
line. The cylinder type storage nodes 28 A supported by the
ring type third remaining sacrificial layers 29E do not lean
during the wet dip out process and the dry process.

Referring to FIG. 2H, the first, second, and third remaining,
sacrificial layers 29C, 29D, and 29E are removed. The first,
second, and third remaining sacrificial layers 29C, 29D, and
29F are removed by employing a dry ashing process because
the first, second, and third remaining sacrificial layers 29C,
29D, and 29E include amorphous carbon. Amorphous carbon
layers may be removed by dry ashing using oxygen or ozone.
The storagenodes 28A are not damaged during the dry ashing
process because the dry ashing process 1s performed at a low
ashing temperature using oxygen.

Although not illustrated, subsequent dielectric layer and
upper electrode formation processes are performed to form a
cylinder type capacitor. The dielectric layer may include tan-
talum oxide (Ta,O;), aluminum oxide (Al,O;), titanium
oxide (T10,), hafnium oxide (H1O,), zirconium dioxide
(Zr0O,), strontium titanate (STO), bartum strontium titanate
(BST), or a combination thereof. The upper electrode may
include a TiN layer formed using a CVD method, a TiN layer
formed using an ALD method, a Ru layer formed using a
CVD method, a Ru layer formed using an ALD method, a Pt
layer formed using an ALD method, an Ir layer formed using
an ALD method, or a combination thereof.

FIG. 3A illustrates a plan view of a photoresist pattern
according to the first embodiment of the present invention.
FIG. 3B 1llustrates a plan view of open regions according to
the first embodiment. FIG. 3C 1llustrates a plan view showing,
a result after a partial etching 1s performed on a mould layer
according to the first embodiment. FIG. 3D illustrates a plan
view showing a result after performing a dry etch-back pro-
cess on a sacrificial layer according to the first embodiment.
FIG. 3E 1llustrates a perspective view showing a result after
performing a wet dip out process for oxide according to the
first embodiment.

FIG. 3A illustrates a plan view of the open regions 27
according to the first embodiment. Diameters D1 and D2 of
the open regions 27 arranged 1n a zigzag pattern are substan-
tially the same 1n directions of the A-A' line and the B-B' line,
1.e., D1=D2 (also refer to FIG. 2A). A second spacing dis-
tance S2 between the open regions 27 along the B-B' line
direction 1s larger than a first spacing distance S1 between the
open regions 27 along the A-A' line direction (also refer to
FIG. 2A).

FIG. 3B illustrates a plan view of the resultant substrate
structure after the storage node 1solation process 1s per-
formed. The storage nodes 28 A are formed on the surface of
the open regions 27 of the 1solation layer 100. The storage
nodes 28A are formed 1n a zigzag pattern.

FI1G. 3C illustrates a perspective view of the result after the
patterned mould layer 25 1s partially etched. The remaining,
isolation layer 101, including the stack structure of the pat-
terned etch stop layer 24 and the remaining mould layer 25 A,
remains between adjacent storage nodes 28A. The upper
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outer walls 28B ol the storage nodes 28 A are exposed because
portions of the patterned mould layer 25 are etched.

FIG. 3D illustrates a plan view of the resultant substrate
structure after the dry etch-back process 1s performed on the
sacrificial layer 29 according to the first embodiment. The
second remaining sacrificial layers 29D remain 1n a coupling,
structure 1n the A-A' line direction and the third remaining
sacrificial layers 29F remain 1n a discontinuing structure 1n
the B-B' line direction because the dry etch-back process
performed on the sacrificial layer 29 includes performing a
blanket etch-back process. The third remaining sacrificial
layers 29E enclosing the upper outer walls of the storage
nodes 28 A are coupled to each other by the second remaining
sacrificial layers 29D 1n the A-A' line direction. However, the
third remaining sacrificial layers 29E are not coupled to each
other in the B-B' line direction. The first remaining sacrificial
layers 29C remain over the storage nodes 28 A.

Each upper outer wall of the storage nodes 28 A 1s enclosed
by the third remaining sacrificial layer 29E. The ring type
third remaining sacrificial layers 29E are coupled by the
second remaining sacrificial layers 29D, thereby supporting
the storage nodes 28 A. Thus, the second and third remaining
sacrificial layers 29D and 29FE may be referred to as a con-
nected ring structure fixed around the upper outer walls of the
storage nodes 28A.

FIG. 3E illustrates a perspective view showing the result
alter performing the wet dip out process for oxide according
to the first embodiment. The storage nodes 28A do not lean
during the wet dip out process and the dry process because the
storage nodes 28A are supported by the second and third
remaining sacrificial layers 29D and 29E of the connected
ring structure. The wet dip out process may usea BOE ora HF
solution as an oxide etchant. The wet dip out process 1s
performed for a period of time sufficient to remove the
remaining mould layer 25A. The dry process 1s then per-
formed. The oxide etchant does not penetrate 1into the storage
nodes 28A during the wet dip out process because the first
remaining sacrificial layers 29C remain over the storage
nodes 28A.

According to the first embodiment, the ring type structures
are formed around the upper outer walls of each storage node
and are coupled to each other to form the connected ring
structure. The connected ring structure reduces the likelihood
that the storage nodes will lean during the wet dip out process
for oxide and the dry process, thereby decreasing the likel:-
hood of bridge generation between neighboring storage
nodes. In other words, the connected ring structure decreases
the likelthood of bridge generation during the wet dip out
process and the dry process which are generally used in
forming the cylinder type storage nodes. Thus, a height of the
storage nodes may be maximized to maintain a sufficient level
ol capacitance.

FIGS. 4A to 4H illustrate cross-sectional views of a
method for fabricating a cylinder type capacitor according to
a second embodiment of the present invention.

Referring to FIG. 4A, an insulation layer 32 1s formed over
a semi-finished substrate 31. The substrate 31 1s divided into
a cell region and peripheral regions. Storage node contact
holes are formed 1n the msulation layer 32, and storage node
contact plugs 33 are formed 1n the storage node contact holes.
Although not illustrated, processes for forming transistors,
word lines, and bit lines are generally performed before form-
ing the insulation layer 32. The imsulation layer 32 may
include an undoped silicate glass (USG) layer and may be
formed to have a thickness ranging from approximately 1,000
A to approximately 3,000 A. A patterned etch stop layer 34 is




US 7,910,452 B2

9

formed over the insulation layer 32. A patterned mould layer
35 1s formed over the patterned etch stop layer 34.

The insulation layer 32 1s etched using a storage node
contact mask to form the storage node contact holes. A poly-
silicon layer {ills the storage node contact holes and an etch-
back process 1s performed to form the storage node contact
plugs 33. Although not illustrated, barrier metals may be
tormed over the storage node contact plugs 33. The barrier
metals may include titantum (T1) or titantum mitride (T1N). An
etch stop layer 1s formed over the insulation layer 32 and the
storage node contact plugs 33. The etch stop layer may
include a nitride-based material. For instance, the etch stop
layer may include a silicon mitride (S1,N ) layer.

A mould layer 1s formed over the etch stop layer. The
mould layer may include an insulation layer. For instance, an
oxide-based layer such as a phosphosilicate glass (PSG) layer
or aplasma enhanced tetracthyl orthosilicate (PETEOS) layer
may be formed to a certain thickness suificient to maintain a
necessary surface area for a desired dielectric capacitance.
The mould layer may be formed in a double-layer structure
including oxide-based layers. The double-layer structure may
be formed such that an upper oxide-based layer has a smaller
etch rate 1n a wet etch solution for oxide than a bottom
oxide-based layer. For example, PSG may be formed and
PETEOS may then be formed over the PSG 1n the double-
layer structure.

A first photoresist layer 1s formed over the mould layer. A
photo-exposure and developing process 1s performed on the
first photoresist layer to form a first photoresist pattern 36. It
1s important for the first photoresist pattern 36 to form open-
ings in a zigzag pattern. The openings are formed in the first
photoresist pattern 36 where subsequent storage nodes are to
be formed. The mould layer 1s etched using the first photore-
s1st pattern 36 as an etch barrier to form the patterned mould
layer 35 and to form a plurality of open regions 37. The etch
stop layer exposed by the open regions 37 1s etched to form
the patterned etch stop layer 34 and to expose upper surfaces
of the storage node contact plugs 33.

The open regions 37 are formed to have a trench shape. The
open regions 37 are also referred to as storage node holes
because the subsequent storage nodes are formed on the sur-
face of the open regions 37. The open regions 37 are formed
In a zigzag pattern, mirroring the zigzag arrangement of the
first photoresist pattern 36. The open regions 37 are formed 1n
the zigzag pattern in substantially the same manner as the
open regions 27 of the first embodiment shown in FIG. 3A.
The open regions 37 are formed only 1n the cell region. A
stack structure, including the patterned etch stop layer 34 and
the patterned mould layer 35 providing the open regions 37, 1s
referred to as an 1solation layer 200.

Referring to FIG. 4B, the first photoresist pattern 36 1s
removed. A conductive layer 38 for forming the storage nodes
1s formed over the 1solation layer 200 and the open regions 37.
The conductive layer 38 may include a metal electrode such
as TiN or ruthenium (Ru). The conductive layer 38 may also
include other materials besides TiN and Ru. The conductive
layer 38 may be formed to have a thickness ranging from
approximately 200 A to approximately 400 A using a chemi-
cal vapor deposition (CVD) method or an atomic layer depo-
sition (ALD) method.

When forming the conductive layer 38 including TiN using,
the CVD method, a CVD TiN deposition method 1s per-
formed using titanium tetrachloride (T1Cl,) as a source and
using ammonia (NH;) as a reaction gas at a temperature
ranging from approximately 400° C. to approximately 700°
C. When forming the conductive layer 38 including Ru, the
ALD method or the CVD method 1s performed using
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Ru(EtCp), as a source and using oxygen (O, ) gas as a reaction
gas at a temperature ranging from approximately 200° C. to
approximately 400° C. The conductive layer 38 for forming

the storage nodes may include platinum (Pt) formed by the
ALD method or inndium (Ir) formed by the ALD method.

Referring to FIG. 4C, a storage node 1solation process 1s
performed. The storage node 1solation process includes per-
forming a dry etch-back process on the conductive layer 38.
The storage node 1solation process may include performing a
CMP process or a dry etch-back process using a photoresist
layer barrier or an oxide-based layer barrier when the con-
ductive layer 38 includes TiN. Using the photoresist layer
barrier or the oxide-based layer barrier may reduce contami-
nation inthe open regions 37 during the storage node 1solation
process.

The storage node 1solation process 1s performed until top
surfaces of the patterned mould layer 35 are exposed. Thus,
cylinder type storage nodes 38 A are formed on the surface of
the open regions 37, 1solated from each other. In other words,
the CMP process or the dry etch-back process 1s performed to
remove portions of the conductive layer 38 formed outside the
open regions 37, thereby forming the cylinder type storage
nodes 38A over bottom surfaces and sidewalls of the open
regions 37. After the storage node 1solation process 1s per-
formed, the storage nodes 38 A are formed on the surface of
the open regions 37 of the 1solation layer 200. The storage
nodes 38 A are disposed 1n a zigzag pattern in substantially the
same manner as the storage nodes 28A of the first embodi-
ment shown in FIG. 3B.

Referring to FIG. 4D, the patterned mould layer 35 1s
partially etched to form a remaining mould layer 35A. Thus,
upper outer walls 38B of the storage nodes 38 A are exposed.
A remaining isolation layer 201 includes the remaiming
mould layer 35A and the patterned etch stop layer 34.

The patterned mould layer 35 is selectively etched using an
oxide etchant because the patterned mould layer 35 includes
an oxide-based material. For instance, a wet etch may be used.
The wet etch may include performing a wet dip out process.
The wet etch of the patterned mould layer 35 may include
etching the patterned mould layer 35 to a thickness rangmg
from approximately 200 nm to approximately 1,000 nm using
a buflered oxide etchant (BOE) or a hydrogen fluoride (HF)
solution. For instance, approximately 700 nm to approxi-
mately 800 nm of the patterned mould layer 35 may be
etched.

After the patterned mould layer 35 is partially etched, the
remaining isolation layer 201, including the stack structure of
the patterned etch stop layer 34 and the remaining mould
layer 35 A, remains between adjacent storage nodes 38A. The
upper outer walls 38B of the storage nodes 38 A are exposed
because portions of the patterned mould layer 35 are etched.

Referring to FIG. 4E, a sacrificial layer 39 1s formed over
the storage nodes 38A and the remaining 1solation layer 201.
The sacrificial layer 39 may include a material which may not
be etched or which has a substantially slow etch rate 1n a wet
etch solution for oxide during a subsequent wet dip out pro-
cess of the remaining mould layer 35A. For instance, the
sacrificial layer 39 may include an amorphous carbon layer.

The amorphous carbon layer may be formed using a
plasma-based deposition method, such as a plasma enhanced
chemical vapor deposition (PECVD) method or a plasma
enhanced atomic layer deposition (PEALD) method. The
amorphous carbon layer 1s not easily etched by wet etch
solutions for oxide, such as a BOE or a HF solution. The
amorphous carbon layer 1s easily removed by a dry ashing
process 1n an oxidation ambience including O, or ozone (O,).
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The amorphous carbon layer used as the sacrificial layer 39 1s
formed at a temperature ranging from approximately 200° C.
to approximately 500° C.

The sacrificial layer 39 1s formed to have a certain thick-
ness sullicient to fill a space between neighboring storage
nodes 38A. The sacrificial layer 39 may be formed to cover
the substrate structure without controlling the thickness of the
sacrificial layer 39 because a dry etch-back process of the
sacrificial layer 39 1s omitted 1n the second embodiment,
unlike the first embodiment.

Referring to FIG. 4F, a second photoresist layer 1s formed
over the sacrificial layer 39. A photo-exposure and develop-
ing process 1s performed on the second photoresist layer to
form a second photoresist pattern 40. The second photoresist
pattern 40 covers the cell region but exposes the peripheral
regions of the substrate structure.

The sacrificial layer 39 1s etched using the second photo-
resist pattern 40 as an etch barrier. Thus, a sacrificial pattern
39 A 1s formed. The sacrificial pattern 39A remains only 1n the
cell region because portions of the sacrificial layer 39 1n the
peripheral regions are etched. The remaining mould layer
35A 1s etched after the sacrificial pattern 39A 1s formed,
thereby forming a mould pattern 35B. The etching of the
remaining mould layer 35A may include performing a dry
etch process. Portions of the remaining mould layer 35A 1n
the peripheral regions are etched. Thus, the mould pattern
35B defines spaces around the cell region mto which a wet
etch solution may flow. The mould pattern 35B may be
formed such that the mould pattern 35B remains only in the
cell region after the portions of the remaining mould layer
35A are etched 1n the peripheral regions. Alternatively, the
mould pattern 35B may be formed such that portions of the
remaining mould layer 35A remain over the patterned etch
stop layer 34 at a certain thickness 1n the peripheral regions.
An 1solation pattern 211 includes the mould pattern 35B and
the patterned etch stop layer 34.

Referring to FIG. 4G, a wet etch process for oxide 1s
performed. For instance, the wet etch process may include
performing a wet dip out process. The mould pattern 35B
including an oxide-based matenal 1s removed during the wet
dip out process. A wet etch solution tlows sideways into the
spaces defined around the cell region and removes the mould
pattern 35B. Thus, empty spaces 202 are formed between the
storage nodes 38A. The sacrificial pattern 39A 1s not easily
ctched during a wet dip out process for oxide. Thus, the
sacrificial pattern 39A decreases the likelihood of leaning
storage nodes 38A. The wet dip out process may use a BOE or
a HF solution as an oxide etchant. The wet dip out process 1s
performed for a period of time suificient to remove the mould
pattern 35B. Neighboring storage nodes 38 A are supported
by the sacrificial pattern 39 A during the wet dip out process,
and thus, the likelihood of leaning storage nodes 38A 1is
reduced during a dry process which 1s performed after the wet
dip out process.

Referring to FIG. 4H, a photoresist ashing process 1s per-
tormed. The photoresist ashing process includes a dry ashing
process. The second photoresist pattern 40 and the sacrificial
pattern 39 A are simultaneously removed using the dry ashing
process. The sacrificial pattern 39A 1ncluding amorphous
carbon may be removed at substantially the same time as the
second photoresist pattern 40 because amorphous carbon can
be removed by a dry ashing using oxygen or ozone. The
storage nodes 38A are not damaged because the dry ashing
process 1s performed at a low temperature using oxygen.

Although not illustrated, subsequent dielectric layer and
upper electrode formation processes are performed to form a
cylinder type capacitor. The dielectric layer may include tan-
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talum oxide (Ta,O;), aluminum oxide (Al,O,), titanium
oxide (T10,), hatnium oxide (HIO,), zircontum dioxide
(Z1r0,), strontium titanate (STO), bartum strontium titanate
(BST), or a combination thereof. The upper electrode may
include a TiN layer formed using a CVD method, a TiN layer
formed using an ALD method, a Ru layer formed using a
CVD method, a Ru layer formed using an ALD method, a Pt
layer formed using an AL D method, an Ir layer formed using
an ALD method, or a combination thereof.

FIGS. 5A to SH illustrate cross-sectional views of a
method for fabricating a cylinder type capacitor according to
a third embodiment of the present invention.

Referring to FIG. 5A, an insulation layer 42 1s formed over
a semi-finished substrate 41. The substrate 41 1s divided into
a cell region and peripheral regions. Storage node contact
holes are formed 1n the msulation layer 42, and storage node
contact plugs 43 are formed 1n the storage node contact holes.
Although not illustrated, processes for forming transistors,
word lines, and bit lines are generally performed before form-
ing the insulation layer 42. The isulation layer 42 may
include an undoped silicate glass (USG) layer and may be
formed to have a thickness ranging from approximately 1,000
A to approximately 3,000 A. A patterned etch stop layer 44 is
tormed over the 1nsulation layer 42. A patterned mould layer
435 1s formed over the patterned etch stop layer 44.

The insulation layer 42 1s etched using a storage node
contact mask to form the storage node contact holes. A poly-
silicon layer fills the storage node contact holes and an etch-
back process 1s performed to form the storage node contact
plugs 43. Although not illustrated, barrier metals may be
formed over the storage node contact plugs 43. The barrier
metals may mclude titantum (T1) or titanium mitride (T1N). An
etch stop layer 1s formed over the insulation layer 42 and the
storage node contact plugs 43. The etch stop layer may
include a nitride-based material. For instance, the etch stop
layer may include a silicon mitride (S1;N,) layer.

A mould layer 1s formed over the etch stop layer. The
mould layer may include an isulation layer. For instance, an
oxide-based layer such as a phosphosilicate glass (PSG) layer
or aplasma enhanced tetracthyl orthosilicate (PETEOS) layer
may be formed to a certain thickness suilicient to maintain a
necessary surface area for a desired dielectric capacitance.
The mould layer may be formed 1n a double-layer structure
including oxide-based layers. The double-layer structure may
be formed such that an upper oxide-based layer has a smaller
etch rate 1n a wet etch solution for oxide than a bottom
oxide-based layer. For example, PSG may be formed and
PETEOS may be then formed over the PSG 1n the double-
layer structure.

A photoresist layer 1s formed over the mould layer. A
photo-exposure and developing process 1s performed on the
photoresist layer to form a photoresist pattern 46. It 1s impor-
tant for the photoresist pattern 46 to form openings in a zigzag
pattern. The openings are formed 1n the photoresist pattern 46
where subsequent storage nodes are to be formed. The mould
layer 1s etched using the photoresist pattern 46 as an etch
barrier to form the patterned mould layer 45 and to form a
plurality of open regions 47. The etch stop layer exposed by
the open regions 47 1s etched to form the patterned etch stop
layer 44 and to expose upper surfaces of the storage node
contact plugs 43.

The open regions 47 are formed to have a trench shape. The
open regions 47 are also referred to as storage node holes
because the subsequent storage nodes are formed on the sur-
face of the open regions 47. The open regions 47 are formed
in a zigzag pattern, mirroring the zigzag arrangement of the
photoresist pattern 46. The open regions 47 are formed 1n the
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zigzag pattern 1n substantially the same manner as the open
regions 27 of the first embodiment shown 1n FIG. 3A. A stack
structure, including the patterned etch stop layer 44 and the
patterned mould layer 435 providing the open regions 47, 1s
referred to as an 1solation layer 300.

Referring to FIG. 3B, the photoresist pattern 46 1s
removed. A conductive layer 48 for forming the storage nodes
1s formed over the 1solation layer 300 and the open regions 47.
The conductive layer 48 may include a metal electrode such
as TiN or ruthenium (Ru). The conductive layer 48 may also
include other materials besides TiN and Ru. The conductive
layer 48 may be formed to have a thickness ranging from
approximately 200 A to approximately 400 A using a chemi-
cal vapor deposition (CVD) method or an atomic layer depo-
sition (ALD) method.

When forming the conductive layer 48 including TiN using,
the CVD method, a CVD TiN deposition method 15 per-
formed using titanium tetrachloride (TiCl,) as a source and
using ammonia (NH,) as a reaction gas at a temperature
ranging from approximately 400° C. to approximately 700°
C. When forming the conductive layer 48 including Ru, the
ALD method or the CVD method 1s performed using
Ru(EtCp), as asource and using oxygen (O, ) gas as a reaction
gas at a temperature ranging from approximately 200° C. to
approximately 400° C. The conductive layer 48 for use as the
storage nodes may include platinum (Pt) formed by the ALD
method or 1irdium (Ir) formed by the ALD method.

Referring to FIG. 5C, a storage node 1solation process 1s
performed. The storage node 1solation process includes per-
forming a dry etch-back process on the conductive layer 48.
The storage node 1solation process may include performing a
CMP process or a dry etch-back process using a photoresist
layer barrier or an oxide-based layer barrier when the con-
ductive layer 48 includes TiN. Using the photoresist layer
barrier or the oxide-based layer barrier may reduce contami-
nation inthe openregions 47 during the storage node 1solation
process.

The storage node 1solation process 1s performed until top
surfaces of the patterned mould layer 45 are exposed. Thus,
cylinder type storage nodes 48 A are formed on the surface of
the open regions 47, 1solated from each other. In other words,
the CMP process or the dry etch-back process 1s performed to
remove portions of the conductive layer 48 formed outside the
open regions 47, thereby forming the cylinder type storage
nodes 48A over bottom surfaces and sidewalls of the open
regions 47. After the storage node 1solation process 1s per-
formed, the storage nodes 48A are formed on the surface of
the open regions 47 of the 1solation layer 300. The storage
nodes 48 A are arranged 1n a zigzag pattern.

Referring to FIG. 5D, the patterned mould layer 45 1s
partially etched to form a remaining mould layer 45A. Thus,
upper outer walls 48B of the storage nodes 48 A are exposed.
A remaining isolation layer 301 includes the remaiming
mould layer 45A and the patterned etch stop layer 44.

The patterned mould layer 45 1s selectively etched using an
ox1ide etchant because the patterned mould layer 45 includes
an oxide-based material. For instance, a wet etch may be used.
The wet etch may 1nclude performing a wet dip out process.
The wet etch of the patterned mould layer 45 may include
etchmg the patterned mould layer 45 to have a thickness
ranging from approximately 200 nm to approximately 1,000
nm using a buffered oxide etchant (BOE) or a hydrogen
fluoride (HF) solution. For instance, approximately 700 nm to
approximately 800 nm of the patterned mould layer 45 may
be etched.

After the patterned mould layer 435 1s partially etched, the
remaining 1solation layer 301, including the stack structure of
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the patterned etch stop layer 44 and the remaiming mould
layer 45 A, remains between adjacent storage nodes 48A. The
upper outer walls 48B of the storage nodes 48 A are exposed
because portions of the patterned mould layer 45 are etched.

Referring to FIG. SE, a sacrificial layer 49 1s formed over
the storage nodes 48A and the remaining 1solation layer 301.
The sacrificial layer 49 may include a material which may not
be etched or which has a substantially slow etch rate in a wet
etch solution for oxide during a subsequent wet dip out pro-
cess of the remaining mould layer 45A. For instance, the
sacrificial layer 49 may include a photoresist layer.

The photoresist layer 1s not easily etched by wet etch solu-
tions for oxide, such as a BOE or a HF solution. The photo-
resist layer 1s easily removed through a dry ashing process in
an oxidation ambience including O, or ozone (O5). The pho-
toresist layer 1s formed to have a certain thickness suificient to
{111 small and large spaces defined between the storage nodes
48A.

Referring to FIG. 5F, a photo-exposure and developing
process 1s performed on the sacrificial layer 49, thereby form-
ing a sacrificial pattern 49A. The sacrificial pattern 49A
remains over the cell region.

The remaining mould layer 45A 1s etched using the sacri-
ficial pattern 49A as an etch barrier. Thus, a mould pattern
458 1s formed. The etching of the remaining mould layer 45A
may include performing a dry etch process. Portions of the
remaining mould layer 45A 1n the peripheral regions are
ctched away. Thus, the mould pattern 45B defines spaces
around the cell region 1nto which a wet etch solution may
flow. The mould pattern 45B may be formed such that the
mould pattern 45B remains 1n the cell region after the portions
of the remaining mould layer 45 A are etched 1n the peripheral
regions. Alternatively, the mould pattern 45B may be formed
such that portions of the remaiming mould layer 45A remain
over the patterned etch stop layer 44 at a certain thickness 1n
the peripheral regions. An 1solation pattern 311 includes the
mould pattern 45B and the patterned etch stop layer 44.

Referring to FIG. 3G, a wet etch process for oxide 1s
performed. For instance, the wet etch process may include
performing a wet dip out process. The mould pattern 45B
including an oxide-based material remaining in the cell
region 1s removed during the wet dip out process. A wet etch
solution tlows sideways into the spaces defined around the
cell region and removes the mould pattern 45B. Thus, empty
spaces 302 are formed. The sacrificial pattern 49A 1s not
casily etched during a wet dip out process for oxide. Thus, the
sacrificial pattern 49A decreases the likelihood of leaning
storage nodes 48A. The wet dip out process may use a BOE or
a HF solution as an oxide etchant. The wet dip out process 1s
performed for a period of time suificient to remove the mould
pattern 45B. According to the third embodiment, the neigh-
boring storage nodes 48A are supported by the sacrificial
pattern 49A during the wet dip out process, and thus, the
likelihood of leaning storage nodes 48A 1s reduced during a
dry process which 1s performed after the wet dip out process.

Reterring to FIG. SH, a photoresist ashing process 1s per-
tormed. The photoresist ashing process includes a dry ashing
process. The sacrificial pattern 49 A 1s removed using the dry
ashing process. The sacrificial pattern 49A may be removed
through a dry ashing using oxygen or ozone. The storage
nodes 48 A are not damaged because the dry ashing process 1s
performed at a low temperature using oxygen.

Although not illustrated, subsequent dielectric layer and
upper electrode formation processes are performed to form a
cylinder type capacitor. The dielectric layer may include tan-
talum oxide (Ta,O:), aluminum oxide (Al,O,), titantum
oxide (T10,), hatmium oxide (H1O,), zirconium dioxide
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(Zr0O,), strontium titanate (STO), bartum strontium titanate
(BST), or a combination thereof. The upper electrode may
include a TiN layer formed using a CVD method, a TiN layer
formed using an ALD method, a Ru layer formed using a
CVD method, a Ru layer formed using an ALD method, a Pt
layer formed using an ALD method, an Ir layer formed using
an ALD method, or a combination thereof.

FIGS. 6A to 6G 1illustrate cross-sectional views of a
method for fabricating a cylinder type capacitor according to
a Tourth embodiment of the present invention.

Referring to FIG. 6A, an insulation layer 52 1s formed over
a semi-finished substrate 51. The substrate 31 1s divided into
a cell region and peripheral regions. Storage node contact
holes are formed 1n the msulation layer 52, and storage node
contact plugs 53 are formed 1n the storage node contact holes.
Although not 1illustrated, processes for forming transistors,
word lines, and bit lines are generally performed before form-
ing the insulation layer 52. The imsulation layer 52 may
include an undoped silicate glass (USG) layer and may be
formed to have a thickness ranging from approximately 1,000
A to approximately 3,000 A. A patterned etch stop layer 54 is
tormed over the 1nsulation layer 52. A patterned mould layer
535 1s formed over the patterned etch stop layer 54.

The 1nsulation layer 52 1s etched using a storage node
contact mask to form the storage node contact holes. A poly-
silicon layer fills the storage node contact holes and an etch-
back process 1s performed to form the storage node contact
plugs 53. Although not illustrated, barrier metals may be
formed over the storage node contact plugs 53. The barrier
metals may include titantum (T1) or titantum mitride (T1N). An
ctch stop layer 1s formed over the insulation layer 52 and the
storage node contact plugs 53. The etch stop layer may
include a nitride-based material. For instance, the etch stop
layer may include a silicon mitride (S1;N,,) layer.

A mould layer 1s formed over the etch stop layer. The
mould layer may include an insulation layer. For instance, an
oxide-based layer such as a phosphosilicate glass (PSG) layer
or aplasma enhanced tetraethyl orthosilicate (PETEOS) layer
may be formed to have a certain thickness suificient to main-
tain a necessary surface area for a desired dielectric capaci-
tance. The mould layer may be formed in a double-layer
structure including oxide-based layers. The double-layer
structure may be formed such that an upper oxide-based layer
has a smaller etch rate 1n a wet etch solution for oxide than a
bottom oxide-based layer. For example, PSG may be formed
and PETEOS may then be formed over the PSG 1n the double-
layer structure.

A first photoresist layer 1s formed over the mould layer. A
photo-exposure and developing process 1s performed on the
first photoresist layer to form a first photoresist pattern 356. It
1s important for the first photoresist pattern 56 to form open-
ings in a zigzag pattern. The openings are formed in the first
photoresist pattern 56 where subsequent storage nodes are to
be formed. The mould layer 1s etched using the first photore-
s1st pattern 56 as an etch barrier to form the patterned mould
layer 55 and to form a plurality of open regions 57. The etch
stop layer exposed by the open regions 57 1s etched to form
the patterned etch stop layer 54 and to expose upper surfaces
ol the storage node contact plugs 53.

The open regions 57 are formed to have a trench shape. The
open regions 57 are also referred to as storage node holes
because the subsequent storage nodes are formed on the sur-
face of the open regions 57. The open regions 57 are formed
in a zigzag pattern, mirroring the zigzag arrangement of the
first photoresist pattern 36. The open regions 57 are formed 1n
a zigzag pattern 1n substantially the same manner as the open
regions 27 of the first embodiment shown 1n FIG. 3A. A stack
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structure, including the patterned etch stop layer 54 and the
patterned mould layer 535 providing the open regions 57, 1s
referred to as an 1solation layer 400.

Referring to FIG. 6B, the first photoresist pattern 56 1s
removed. A conductive layer 58 for forming the storage nodes
1s formed over the 1solation layer 400 and the open regions 57.
The conductive layer 58 may include a metal electrode such
as TiN or ruthenium (Ru). The conductive layer 38 may also
include other materials besides TiN and Ru. The conductive
layer 38 may be formed to have a thickness ranging from
approximately 200 A to approximately 400 A using a chemi-
cal vapor deposition (CVD) method or an atomic layer depo-
sition (ALD) method.

When forming the conductive layer 58 including TiN using,
the CVD method, a CVD TiN deposition method 1s per-
formed using titanium tetrachloride (T1Cl,) as a source and
using ammonia (NH;) as a reaction gas at a temperature
ranging from approximately 400° C. to approximately 700°
C. When forming the conductive layer 38 including Ru, the
ALD method or the CVD method 1s performed using
Ru(EtCp), as asource and using oxygen (O, ) gas as a reaction
gas at a temperature ranging from approximately 200° C. to
approximately 400° C. The conductive layer 58 for forming
the storage nodes may include platinum (Pt) formed by the
ALD method or iridium (Ir) formed by the ALD method.

Retferring to FIG. 6C, a storage node 1solation process 1s
performed. The storage node 1solation process includes per-
forming a dry etch-back process on the conductive layer 58.
The storage node 1solation process may include performing a
CMP process or a dry etch-back process using a photoresist
layer barrier or an oxide-based layer barrier when the con-
ductive layer 38 includes TiN. Using the photoresist layer
barrier or the oxide-based layer barrier may reduce contami-
nation inthe open regions 57 during the storage node 1solation
Process.

The storage node 1solation process 1s performed until top
surfaces of the patterned mould layer 55 are exposed. Thus,
cylinder type storage nodes 38 A are formed on the surface of
the open regions 57, 1solated from each other. In other words,
the CMP process or the dry etch-back process 1s performed to
remove portions of the conductive layer 58 formed outside the
open regions 57, thereby forming the cylinder type storage
nodes 58 A over bottom surfaces and sidewalls of the open
regions 57. The storage nodes 58 A are formed on the surface
of the open regions 37 of the 1solation layer 400. The storage
nodes 58A are formed 1n a zigzag pattern.

Referring to FIG. 6D, a sacrificial layer 39 1s formed over
the storage nodes 58A and the 1solation layer 400. The sacri-
ficial layer 39 may include a material which may not be
etched or which has a substantially slow etch rate 1n a wet etch
solution for oxide during a subsequent wet dip out process of
the patterned mould layer 55. For instance, the sacrificial
layer 59 may include an amorphous carbon layer.

The amorphous carbon layer may be formed using a
plasma-based deposition method, such as a plasma enhanced
chemical vapor deposition (PECVD) method or a plasma
enhanced atomic layer deposition (PEALD) method. The
amorphous carbon layer 1s not easily etched by wet etch
solutions for oxide, such as a BOE or a HF solution. The
amorphous carbon layer 1s easily removed by a dry ashing
process 1n an oxidation ambience including O, or ozone (O,).
The amorphous carbon layer used as the sacrificial layer 39 1s
formed at a temperature ranging from approximately 200° C.
to approximately 500° C.

The sacrificial layer 59 1s formed to a certain thickness
suificient to fill a space defined between neighboring storage
nodes 58A. The sacrificial layer 59 may be formed to cover
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the substrate structure without controlling the thickness of the
sacrificial layer 59 because a dry etch-back process of the
sacrificial layer 59 i1s omitted in the fourth embodiment,
unlike the first embodiment.

Referring to FIG. 6E, a second photoresist layer 1s formed
over the sacrificial layer 59. A photo-exposure and develop-
ing process 1s performed on the second photoresist layer to
form a second photoresist pattern 60. The second photoresist
pattern 60 covers the cell region but exposes the peripheral
regions of the substrate structure.

The sacrificial layer 59 1s etched using the second photo-
resist pattern 60 as an etch barrier. Thus, a sacrificial pattern
59 A 1s formed. The sacrificial pattern 59 A remains 1n the cell
region because portions of the sacrificial layer 59 1n the
peripheral regions are etched. The patterned mould layer 55 1s
ctched after the sacrificial pattern S9A 1s formed, thereby
forming a mould pattern 55A. The etching of the patterned
mould layer 55 may include performing a dry etch process.
Portions of the patterned mould layer 55 1n the peripheral
regions are etched. Thus, the mould pattern 35A defines
spaces around the cell region 1nto which a wet etch solution
may tlow. The mould pattern 55A may be formed such that
the mould pattern 35A remains in the cell region after the
portions of the patterned mould layer 55 are etched 1n the
peripheral regions. Alternatively, the mould pattern S5A may
be formed such that portions of the patterned mould layer 55
remain over the patterned etch stop layer 54 at a certain
thickness 1n the peripheral regions. An 1solation pattern 401
includes the mould pattern 55A and the patterned etch stop
layer 54.

Referring to FIG. 6F, a wet etch process for oxide 1s per-
formed. For instance, the wet etch process may include per-
forming a wet dip out process. The mould pattern 55 A includ-
ing an oxide-based material 1s removed during the wet dip out
process. A wet etch solution tlows sideways 1nto the spaces
defined around the cell region and removes the mould pattern
55A. Thus, empty spaces 402 are formed between the storage
nodes 38A. The sacrificial pattern 39A 1s not easily etched
during a wet dip out process for oxide. Thus, the sacrificial
pattern 39 A decreases the likelithood of leaning storage nodes
58 A. The wet dip out process may use a BOE ora HF solution
as an oxide etchant. The wet dip out process 1s performed for
a period of time sutficient to remove the mould pattern 55A.
Neighboring storage nodes 58 A are supported by the sacrifi-
cial pattern 59 A during the wet dip out process, and thus, the
likelihood of leaning storage nodes 58A 1s reduced during a
dry process which 1s performed after the wet dip out process.

Referring to FIG. 6G, a photoresist ashing process 1s per-
tformed. The photoresist ashing process includes a dry ashing
process. The second photoresist pattern 60 and the sacrificial
pattern 39 A are simultaneously removed using the dry ashing,
process. The sacrificial pattern 59A 1ncluding amorphous
carbon may be removed at substantially the same time as the
second photoresist pattern 60 because amorphous carbon can
be removed by a dry ashing using oxygen or ozone. The
storage nodes S8A are not damaged because the dry ashing
process 1s performed at a low temperature using oxygen.

Although not illustrated, subsequent dielectric layer and
upper electrode formation processes are performed to form a
cylinder type capacitor. The dielectric layer may include tan-
talum oxide (Ta,O;), aluminum oxide (Al,O,), titanium
oxide (T10,), haintum oxide (H1O,), zirconium dioxide
(ZrO.,), strontium titanate (STO), barium strontium titanate
(BST), or a combination thereof. The upper electrode may
include a TiN layer formed using a CVD method, a TiN layer
formed using an ALD method, a Ru layer formed using a
CVD method, a Ru layer formed using an ALD method, a Pt
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layer formed using an ALD method, an Ir layer formed using
an ALD method, or a combination thereof.

FIGS. 7A to 7G 1illustrate cross-sectional views of a
method for fabricating a cylinder type capacitor according to
a fifth embodiment of the present invention.

Referring to FIG. 7A, an insulation layer 62 1s formed over
a semi-linished substrate 61. The substrate 61 1s divided into
a cell region and peripheral regions. Storage node contact
holes are formed 1n the msulation layer 62, and storage node
contact plugs 63 are formed 1n the storage node contact holes.
Although not illustrated, processes for forming transistors,
word lines, and bit lines are generally performed before form-
ing the insulation layer 62. The insulation layer 62 may
include an undoped silicate glass (USG) layer and may be
formed to a thickness ranging from approximately 1,000 A to
approximately 3,000 A. A patterned etch stop layer 64 is
formed over the 1nsulation layer 62. A patterned mould layer
65 15 formed over the patterned etch stop layer 64.

The 1nsulation layer 62 1s etched using a storage node
contact mask to form the storage node contact holes. A poly-
silicon layer fills the storage node contact holes and an etch-
back process 1s performed to form the storage node contact
plugs 63. Although not illustrated, barrier metals may be
tformed over the storage node contact plugs 63. The barrier
metals may imnclude titantum (T1) or titanium mitride (1T1N). An
etch stop layer 1s formed over the msulation layer 62 and the
storage node contact plugs 63. The etch stop layer may
include a nitride-based material. For instance, the etch stop
layer may include a silicon mitride (S1,N,) layer.

A mould layer 1s formed over the etch stop layer. The
mould layer may include an insulation layer. For instance, an
oxide-based layer such as a phosphosilicate glass (PSG) layer
or aplasma enhanced tetracthyl orthosilicate (PETEOS) layer
may be formed to have a certain thickness suificient to main-
tain a necessary surface area for a desired dielectric capaci-
tance. The mould layer may be formed in a double-layer
structure including oxide-based layers. The double-layer
structure may be formed such that an upper oxide-based layer
has a smaller etch rate in a wet etch solution for oxide than a
bottom oxide-based layer. For example, PSG may be formed
and PETEOS may be then formed over the PSG 1n the double-
layer structure.

A photoresist layer 1s formed over the mould layer. A

photo-exposure and developing process 1s performed on the
photoresist layer to form a photoresist pattern 66. It 1s impor-
tant for the photoresist pattern 66 to define openings 1n a
zigzag pattern. The openings are defined 1n the photoresist
pattern 66 where subsequent storage nodes are to be formed.
The mould layer 1s etched using the photoresist pattern 66 as
an etch barrier to form the patterned mould layer 65 and to
form a plurality of open regions 47. The etch stop layer
exposed by the openregions 67 1s etched to form the patterned
etch stop layer 64 and to expose upper surfaces of the storage
node contact plugs 63.
The openregions 67 are formed to have a trench shape. The
open regions 67 are also referred to as storage node holes
because the subsequent storage nodes are formed on the sur-
face of the open regions 67. The open regions 67 are formed
in a zigzag pattern, mirroring the zigzag arrangement of the
photoresist pattern 66. The open regions 67 are formed 1n a
zigzag pattern in substantially the same manner as the open
regions 27 of the first embodiment shown 1n FIG. 3A. A stack
structure, including the patterned etch stop layer 64 and the
patterned mould layer 65 providing the open regions 67, 1s
referred to as an 1solation layer 500.

Referring to FIG. 7B, the photoresist pattern 66 1s
removed. A conductive layer 68 for forming the storage nodes
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1s formed over the 1solation layer 300 and the open regions 67.
The conductive layer 68 may include a metal electrode such
as TiN or ruthenium (Ru). The conductive layer 68 may also
include other materials besides TiN and Ru. The conductive
layer 68 may be formed to a thickness ranging from approxi-
mately 200 A to approximately 400 A using a chemical vapor
deposition (CVD) method or an atomic layer deposition
(ALD) method.

When forming the conductive layer 68 including TiN using,
the CVD method, a CVD TiN deposition method 1s per-
tformed using titanium tetrachloride (T1Cl,) as a source and
using ammonia (NH;) as a reaction gas at a temperature
ranging from approximately 400° C. to approximately 700°
C. When forming the conductive layer 68 including Ru, the
ALD method or the CVD method i1s performed using
Ru(EtCp), as a source and using oxygen (O, ) gas as a reaction
gas at a temperature ranging from approximately 200° C. to
approximately 400° C. The conductive layer 68 for forming
the storage nodes may include platinum (Pt) formed by the
ALD method or indium (Ir) formed by the ALD method.

Referring to FIG. 7C, a storage node 1solation process 1s
performed. The storage node 1solation process includes per-
forming a dry etch-back process on the conductive layer 68.
The storage node 1solation process may iclude performing a
CMP process or a dry etch-back process using a photoresist
layer barrier or an oxide-based layer barrier when the con-
ductive layer 68 includes TiN. Using the photoresist layer
barrier or the oxide-based layer barrier may reduce contami-
nation in the open regions 67 during the storage node 1solation
process.

The storage node 1solation process 1s performed until top
surfaces of the patterned mould layer 65 are exposed. Thus,
cylinder type storage nodes 68 A are formed on the surface of
the open regions 67, 1solated from each other. In other words,
the CMP process or the dry etch-back process 1s performed to
remove portions of the conductive layer 68 formed outside the
open regions 67, thereby forming the cylinder type storage
nodes 68A over bottom surfaces and sidewalls of the open
regions 67. The storage nodes 68 A are formed on the surface
of the open regions 67 of the 1solation layer 500. The storage
nodes 68A are formed 1n a zigzag pattern.

Referring to FIG. 7D, a sacnficial layer 69 1s formed over
the storage nodes 68A and the 1solation layer 500. The sacri-
ficial layer 69 may include a material which may not be
ctched or which has a substantially slow etch rate 1n a wet etch
solution for oxide during a subsequent wet dip out process of
the patterned mould layer 65. For instance, the sacrificial
layer 69 may include a photoresist layer.

The photoresist layer 1s not easily etched by wet etch solu-
tions for oxide, such as a BOE or a HF solution. The photo-
resist layer 1s easily removed through a dry ashing process in
an oxidation ambience including O, or ozone (O,). The pho-
toresist layer 1s formed to a certain thickness sufficient to fill
a space defined between the storage nodes 68A. The sacrifi-
cial layer 69 may be formed to cover the substrate structure
without controlling the thickness of the sacrificial layer 69
because a dry etch-back process of the sacrificial layer 69 1s
omitted 1n the fifth embodiment, unlike the first embodiment.

Referring to FIG. 7E, a photo-exposure and developing
process 1s performed on the sacrificial layer 69, thereby form-
ing a sacrificial pattern 69A. The sacrificial pattern 69A
remains over the cell region and exposes the peripheral
regions.

The patterned mould layer 65 1s etched using the sacrificial
pattern 69 A as an etch barrier. Thus, a mould pattern 65A 1s
tformed. The etching of the patterned mould layer 65 may
include performing a dry etch process. Portions of the pat-
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terned mould layer 65 1n the peripheral regions are etched.
Thus, the mould pattern 65 A defines spaces around the cell
region 1nto which a wet etch solution may flow. The mould
pattern 65A may be formed such that the mould pattern 65A
remains 1n the cell region after the portions of the patterned
mould layer 63 are etched in the peripheral regions. Alterna-
tively, the mould pattern 65A may be formed such that por-
tions of the patterned mould layer 65 remain over the pat-
terned etch stop layer 64 at a certain thickness i1n the
peripheral regions. Isolation pattern 301 includes the mould
pattern 65A and the patterned etch stop layer 64.

Reterring to FIG. 7F, a wet etch process for oxide 1s per-
formed. For instance, the wet etch process may include per-
forming a wet dip out process. The mould pattern 65 A includ-
ing an oxide-based material remaining 1n the cell region 1s
removed during the wet dip out process. A wet etch solution
flows sideways 1nto the spaces defined around the cell region
and removes the mould pattern 65A. Thus, empty spaces 602
are formed. The sacrificial pattern 69A 1s not easily etched
during a wet dip out process for oxide. Thus, the sacrificial
pattern 69 A decreases the likelthood of leaning storage nodes
68A. The wet dip out process may use a BOE or a HF solution
as an oxide etchant. The wet dip out process 1s performed for
a period of time sufficient to remove the mould pattern 65A.
The neighboring storage nodes 68A are supported by the
sacrificial pattern 69A during the wet dip out process, and
thus, the likelihood of leaning storage nodes 68A 1s reduced
during a dry process which 1s performed after the wet dip out
process.

Referring to FIG. 7G, a photoresist ashing process 1s per-
formed. The photoresist ashing process includes a dry ashing
process. The sacrificial pattern 69 A 1s removed using the dry
ashing process. The sacrificial pattern 69A may be removed
through a dry ashing using oxygen or ozone. The storage
nodes 68 A are not damaged because the dry ashing process 1s
performed at a low temperature using oxygen.

Although not illustrated, subsequent dielectric layer and
upper electrode formation processes are performed to form a
cylinder type capacitor. The dielectric layer may include tan-
talum oxide (Ta,O;), aluminum oxide (Al,O,), titanium
oxide (T10,), hatnium oxide (HIO,), zircontum dioxide
(Zr0O,), strontium titanate (STO), bartum strontium titanate
(BST), or a combination thereof. The upper electrode may
include a TiN layer formed using a CVD method, a TiN layer
formed using an ALD method, a Ru layer formed using a
CVD method, a Ru layer formed using an ALD method, a Pt
layer formed using an AL D method, an Ir layer formed using
an ALD method, or a combination thereof.

According to the second through fifth embodiments of the
present invention, the sacrificial layer formed in the large
space between the storage nodes may not have to be removed
by the dry etch-back process. The sacrificial layer may
decrease the occurrence of leaning storage nodes, regardless
ol the step coverage characteristic of the sacrificial layer 1n
accordance with the deposition methods such as a PECVD
method or a PEALD method. In other words, the process
shown 1n the first embodiment may be varied according to the
step coverage characteristic of the sacrificial layer, in which
the dry etch-back process 1s performed on the sacrificial layer
to form the sidewall shaped sacrificial layer around the upper
outer walls of the storage nodes.

While the present mmvention has been described with
respect to the specific embodiments, 1t will be apparent to
those skilled 1n the art that various changes and modifications
may be made without departing from the spirit and scope of
the invention as defined 1n the following claims.
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What 1s claimed 1s:

1. A method for fabricating a capacitor, comprising:

forming an 1solation layer over a substrate, the 1solation

layer forming a plurality of open regions;

forming storage nodes on surfaces of the open regions;

etching an upper portion of the 1solation layer to expose

upper outer walls of the storage nodes;

forming a sacrificial layer over the 1solation layer, wherein

the sacrificial layer 1s formed 1n a connected ring struc-
ture that encloses the upper outer walls of the storage
nodes;

with the connected ring structure supporting the storage

nodes, removing the 1solation layer; and

removing the connected ring structure.

2. The method of claim 1, wherein the open regions are
formed 1n a zigzag pattern.

3. The method of claim 1, wherein forming the sacrificial
layer comprises:

forming the sacrificial layer over the upper outer walls of

the storage nodes; and

etching the sacrificial layer into the connected ring struc-

ture.

4. The method of claim 3, wherein forming the sacrificial
layer further comprises forming the sacrificial layer to a cer-
tain thickness to fill a space defined between neighboring
storage nodes spaced apart less than a predetermined distance
and to not fill a space defined between neighboring storage
nodes spaced apart more than the predetermined distance.

5. The method of claim 4, wherein the sacrificial layer 1s
formed using a plasma-based deposition method.

6. The method of claim 5, wherein the sacrificial layer 1s
formed using one of: a plasma enhanced chemical vapor
deposition (PECVD) method and a plasma enhanced atomic
layer deposition (PEALD) method.

7. The method of claim 4, wherein etching the sacrificial
layer comprises performing a dry etch-back process.

8. The method of claim 1, wherein the sacrificial layer and
the 1solation layer each comprise a material having an etch
rate different from each other.

9. The method of claim 8, wherein the 1solation layer
comprises an oxide-based layer and the sacrificial layer com-
prises an amorphous carbon layer.

10. The method of claim 1, wherein etching the 1solation
layer and removing the isolation layer comprise performing a
wet etch process.

11. The method of claim 10, wherein performing the wet
etch process comprises using one of: a buifered oxide etchant
(BOE) and a hydrogen fluoride (HF) solution.

12. The method of claim 10, wherein etching the 1solation
layer comprises removing approximately 200 nm to approxi-
mately 1,000 nm of the 1solation layer.

13. The method of claim 12, wherein etching the 1solation
layer comprises removing approximately 700 nm to approxi-
mately 800 nm of the 1solation layer.

14. The method of claim 1, wherein removing the sacrifi-
cial layer comprises performing a dry ashing process.

15. The method of claim 14, wherein performing the dry
ashing process comprises using one of: oxygen and ozone.

16. The method of claim 1, wherein the storage nodes
comprise one selected from a group consisting of: titanium
nitride (T1N), ruthentum (Ru), platinum (Pt), and iridium (Ir).
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17. A method for fabricating a capacitor, comprising:

forming an 1solation layer over a cell region and a periph-
eral region of a substrate, the 1solation layer forming a
plurality of open regions 1n the cell region;

forming storage nodes on surfaces of the open regions;

ctching an upper portion of the isolation layer to expose

upper outer walls of the storage nodes;

forming a sacrificial pattern over the 1solation laver,

wherein the sacrificial pattern 1s formed 1n a connected
ring structure that encloses the upper outer walls of the
storage nodes;

ctching the 1solation layer in the peripheral region to

expose side portions of the resultant structure obtained
after forming the sacrificial pattern;

with the connected ring structure supporting the storage

nodes, removing the isolation layer in the cell region;
and

removing the connected ring structure.

18. The method of claim 17, wherein the sacrificial pattern
and the 1solation layer each comprise a material having an
ctch rate different from each other.

19. The method of claim 18, wherein the 1solation layer
comprises an oxide-based layer and the sacrificial pattern
comprises an amorphous carbon layer.

20. The method of claim 18, wherein the i1solation layer
comprises an oxide-based layer and the sacrificial pattern
comprises a photoresist layer.

21. The method of claim 17, wherein etching the 1solation
layer to expose the side portions of the resultant structure
comprises performing a dry etch process.

22. The method of claim 21, wherein removing the 1sola-
tion layer comprises performing a wet dip out process and
then performing a dry process.

23. The method of claim 22, wherein the wet dip out
process comprises using one of: a bulfered oxide etchant
(BOE) and a hydrogen fluoride (HF) solution.

24. The method of claim 17, wherein removing the sacri-
ficial pattern comprises performing a dry ashing process.

25. The method of claim 24, wherein performing the dry
ashing process comprises using one of: oxygen and ozone.

26. The method of claim 17, wherein the open regions are
formed 1n a zigzag pattern.

27. The method of claim 17, wherein etching the upper
portion of the 1solation layer comprises removing approxi-
mately 200 nm to approximately 1,000 nm of the 1solation
layer.

28. The method of claim 27, wherein etching the upper
portion of the i1solation layer comprises removing approxi-
mately 700 nm to approximately 800 nm of the 1solation
layer.

29. The method of claim 17, wherein forming the sacrificial
pattern comprises:

forming a sacrificial layer over the upper outer walls of the

storage nodes; and

ctching the sacrificial layer into the connected ring pattern.

30. The method of claim 29, wherein forming the sacrificial
pattern further comprises forming the sacrificial pattern to a
certain thickness to {ill a space defined between neighboring
storage nodes spaced apart less than a predetermined distance
and to not {ill a space defined between neighboring storage
nodes spaced apart more than the predetermined distance.
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